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PEEFACE. 



NOTWiTHSTAin)iNa that the subject of Strains has been ably 
treated of again and again, it is difficult in submitting this 
little work to the public to ayoid the almost stereotyped ex- 
pression that '' the design has been to supply a want long felt 
in the profession;" for the numerous volumes which have 
appeared on the subject haye not, principally on account of 
their elaborate investigations, been calculated to afford that 
ready assistance which in the ordinary run of office and other 
work is being continually needed, while on the other hand, most 
of the general Engineering Pocket-books, not haying been able 
to afford sufficient space to do justice to the subject, have been 
compelled to leaye its treatment incomplete. It is hoped, 
therefore, that by deyoting a small work, in a handy form, 
entirely to Bridge and Girder Calculations, without giving more 
than is absolutely necessary for the complete solution of prac- 
tical problems, both the above obstacles to quick and satisfac- 
tory manipulation may be overcome. 

One of the chief features of the present work is the exten- 
sive application of simply constructed diagrams to the calcu- 
lation of the strains on bridges and girders, the advantages of 
which as a system, most undeniably far outweigh its disad- 
vantages. The parabola (anything but a troublesome figure 

to draw) and a few right lines are all that are required. 

h 



There ia, again, a more general application of the Momenta 
of Bupture, and Sliearing Forces, to open- webbed giidera of all 
kinds, than has hitherto been attempted. 



It yraa ori^oUj intended to divide the whole work into 
three sections or chapters, eimilar to those actually adopted 
only for the middle portion (pp. 24 to 60), which chapters 
should correspond with the various processes in the deaign of 
a, bridge, thus making the very arrangement of the work a 
general guide. But it waa afterwards deemed advisable, as 
will be seen, ta place the Moments of Kupture, and Shearing 
^ forces, by themaelves at the commencement, as a basis upon 
which the remainder is principally founded. 



In the following pages will be found, almost neceaaarily, 
nony omissions, but care has been taken as far as posaible 
to avoid inaccuracies. It will be observed that attention has 
been paid to the arrangement of the matter in different types, 
] aa to facilitate aa far as possible the manipulation of the 
[ contents. The work is not advanced with the pretensions of 
no investigatioiM whatever ore given, but merely 
I tiieir TesulU ; and these, it is hoped, in an intelligible and 
I practical form, suited to the wants of the Engineer, Architect, 
L Diaughtamau, or Uuilder. 
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STEAINS IS BEAMS. 
1. TnE STABlUTi 0? A LOADED BEAU Or goUtc Si foaiided on tbe 
eqo&lit; that must olwajs exixt bctveen tie reaaltants of all tba TUiouB 
eitemal foic«a tending to cbdh ils rupture, and tbe sum of tbe molecalar 
reactions vhicb resist the same. The former m&ir be resolTed — (1) Aort- 
cmlaily into atminB, depondrng for their value upon what are known sa 
lUomenti of Euptare, or Bending Momenls, tending to canae the failure of 
the beam, by tearing asunder its fibres in one part and emghing them 
together in another (4) : and (2) veTtietdly into what are known u Sktar- 
ing Forces, due to the transmiaaion of the lertioal pressare of tbe load to 
tbe pointa of support, and tending to cauM coatignous Tortical sectionB in 
tbe beam to slide over ench other (111). The valuea of tbe molecular 
reattioDs are tbeiUbmenfs of lUnaiance, for which aee (COl — ai4). 
MOMENTS OP RTTFTITRE. 
S. AbbrcTlBlloiu adoDlcd In tbo FommliE. 
M, = momeal of rnptnre at any point (j-). 
M., Ms= „ atpointaofBnpport{A, B). 

Mt = „ at centre of spaa. 

I — length of clear Bpaa = diEtotiee between enpporta ui a whole 
wilh W. Where nseii in any other way eiplanation will be 

X = horiiontal diatancB between the left abntment (eieept where 
oULerwise atatiMll and the point at wliicb M ia to be fonod. 
W = coQcentrated load at any point («l). 
vj ^ distributed alationary or dead load per unit of lengtb. 
M-- „ moTiig or live „ „ («I). 

Def. = maKimnmdBflectioQ(!ai) for a beam of uniform section [8S3). 
I = Djomenl of inertia of tbe section of the beam (for Talue see 



«. KoM.— Tho valne ot a fomula being ('^^^'^(t)) "'">^ *»* 

the MlJan of the load inakea, or tends to make the npper larfajx of the heam 

/coDCavflA jiijj therefore eompreBsea together the fibres in the (jij^) 

part, and alretehes them in the ( lDfer\ jia^jt. 
\nppery 

K. Id the Duoiulls, the onJinates (tha rertieal distances from the 
fiamoatal, or other lines) to the corses, &Cj &b shown thereon, eorreBpeud 
to ibe yalaes of the formula: accompanying them. If the diagram be 
drairn to scale in the manner directed, the Momenta of Bapture ma; be 
obtained h; dircd m 





The Teitioal lines, aa in fig. A, coirespund to poeitiie, 
fig. B to negative yalnea in the formnliB [4). 

•. When a diagram ia naed in the csJcslation of the momenU, it shonld 
ba drawn immediately under, or over, and to the Eame horizDntal scale bb 
the ontline sketch {S3, III. , and S9) of the girder itself, so that the ordi- 
nates in the diagram will oorrespond with the eeveral points in the length 
of the girder to which thej apply, 

T. acml.Beain FUed Bt One End, nBd Eoadcil nltli a CoBcen- 



DuottiH.— IietABbetiebeam(B,«). tnw 
AC = Wi. Join C to B. Thentbo vertiopl iia- 
m A B and C B wiU give the momenia or rnpture. 




M. = ~(Wi + W,;, + W,y . . . (4.) 
M,-- iW(f-i)+W,(/,-i) + W,(;,-a!)}(4.) 

When (( — x) or (I, — x), or bo on, ia negaKve, 

it ia to be omitted. 

DiiHRAK.— Let A B be the beam (S, fl). Draw 

' AD = W,i„ D 0=W,iu sod AB = Wi. Join 

, B to 7, and C to F, in the manner shown. Then the Tertical dJa- 

bBiween F H and E W B will fpyo the momenta of rapture. 




DusKAu,— Lot A B be tbe beam (S, e). Draw A C = ir- 1^^™ ^be 
parabola CB,ittoBaT6rt6i isatB («M), Then the vertioo: afslftnccfl boHTeen 
dCBwillgiTelliemoineatBofraptore. 

BeBl.Benm PIxriI At One End, nlib a Eond miforBlr nii- 



:), tben 



I 

^^^P Diiaaui.— Let A B ba Ibe beam (S, «). At A erect A C = wi N — g j. 
JdnC to a point in A B at the mid leugtb of tbe loadc <as in the Pig.}. 
Dvav tbe eemi-parabola D B (932} t)ie enme aa fur a beam of (be leogth z, 
fallj loaded (9). The verliiaJ toBDcea between A B and O D B will rItc the 



= tbs leogtli of tbe load ;- 
t When z is less tban or equal to 
I Wbeo a u greater than (i - t), then 








n>nnlT »i«lrlbnled Land, ouA alHi a Cone 




Mcd load al 11> 








1 M.= -(w + '^')i. .... (4.) 


1 




M.= -{w((-z) + "(I-i)=) (4.) 


1 


HiliHI 


--ft(^'^). 


1 


■i 


DriOBiK.— LetABbethebeam(5, 6). Draw A C 


= ^^andAD = 


' L Draw tbe parabola C B (as ia a) with its 
ben the verUcal fliBMncee bBtwuen D B and B will 


vertex at B (!!3!). 



r 
I 
I 



m Supported at Botb End), anil Eoaded at the Centre (40J. 

- Wi 

M. = M, = 0. Mo - -^ 

M, = -5- (x being meaaured from 
pier). 




"48 EI 
—Let A B be the b 
(B, a). At mid-ipan erect CW = -7-. Join to A and B. Than 
TBTtisBl £>mnce> bolireen A B and A C, B will give the man 



13. Bean SapDartcd at Both End*, and loaded with a Con- 
eenlraled Wcl«bl at anr Point (11). 

The greatest moment «ill alir&ys be obtained at the point of application 
Wab 
Tic. 7. of the load, and = — r — 




BatweenAandW, it = 
Bflt»een B and W, M:, = 



DuGKAK.— Let ABbet}tobeiuii(S, S). AtWei 
to A and B, Thon the TOrtlcAldiHtajicea betweoa A 



i and A C, □ B will fttve 




TKi momenf of mptrxTe at any 
paiat pndMetd by ail the tedghti it 
the aun of the monoMs productd at 
that point by each of the vdghit 
leparatety (13 and jUa). 

Let there be three weights, W, 
W„ W,, and let the aegments into 
nhich the; each divide Uie benm be 



; thensappoaing that x is taken bttveei 



c + W, 6, x), hKviag leg&rd to Uie note in (13), 
M. - M, = 0. 



DwoRill. — Let A B be the beam (s, 6). D«w A C B, A D B, 
•nd A E B BS for three Boparate CMes, by (IS). Produoe W C till 
WL='WF + WG + WC. PmdDca W, DtillW, N = W,H + W, I + W, D; 
snd so on tor the weight W„ makuig W,P = W,K + W J + W,K. JoinA 
toL, LtoN, NtoP, andPtoB. Then the ordinBles Croin A B to the poly- 
Sonal Ggura A L N P B will give Uie momeuB of mpture. 

NotE. If t^e weights be M equal, tbe TBitieaU Eit the weightB repressnUng 
"■- isWC, W,»,W,E)i.m 



110. Beam gapnarted nt Boi: 
Wclcbt* placed EitnldlBtaiit ri 
tbe Ccntn.' 



I 




eoDBtout from W, to W,. ^^^E!!|||I||||||!^^H 
K at W = M at W, = 2 Wa. ^1^111111111111^^1 


DUB&ix.— Let AB be the beam ^BBBmHSUI^^M 


\a, vfm at t> ana vy> erect vv Vj bjiii 
■W.P, each equal to (2Wa); and at W, and ^ 
■W,E, eacheqialtqWISo + o'). Join A to C, C to 
BDd P to B. Then lie venical diHtaoooa betmoan A B 
gire Uie momeDla of rapttire. 


, erect W, » and 
D, D to E, E to P, 
andAODBPBwiU 


t Case of B crosa girder curriiig ft double i 


S-it 


Si'."'-'- 



I 



^^H^B^^^^^BlBn^^H DiAaaAu, — Let A B be the beam 
^^H^^^^I^^^^^H^^H (s, Bmn the paratola A D B 

(113s), nhnse ordimte at ceutre (C D) = — • Tben tha t 
ana the pniabola ADB nill give Ihe masim 




DliaHAM.— LetABbe thebeam (S, B). Draw the parabola A C B (ass), 
wheae ordinate at centre = '^^*^'^' - At A and B erect A D and B E - 
n APB 



19. Beam SapnorliHl 



M. = M, = 0. 
5wl' , 

one Aa?/ fie moment at etntre, and | 
lAf ti^ecfum produced by the lame 
load eanceiUrated at the centre. 
DiAOBiH.— let A B be tlia beam (S, «). On A B draw the parabola 
■ Ai In Hie wnpled diirins wheeli Of a. loconiolive. 




w 


^ 


^H ACB(»3B) wioM OTdinate at centre = ^-. Than [he tkiKmI au- 




^F t»iOMbatmBiiABandUiai«raboIaAOBBiUgiToUiemomantaornipmre. 




DlBlrlbBted oTer » 'ertnlD LeiiBtli 

ft«m one Support (45). ^'E.l*. 




£tl 2 cqwd the l«>gtk <if Iht lead, ^^^^^B^BH 
mtntfrc^ v>\ich iht load advance,. ^H^IIffifiSSMH 


Thfl erealBst, mDmGDl prodnced by n ^^^^Bl^^^^^^^H 
siTon iBitffth oF lufld will ue at lu extrs' i^^^^i^^^^^^i^^w^^^M^^^^^* 




mity, or Am I = ■, that to, provided tha 

load does sol eilesd bOToiid Ihe ccnue ct ths span i for ehoiild it dspaeii the, 
poinl, Ite pwiieM eirein will remain eonatani in poiuljon ab tHe midtpao, is 
sreasmR in mlanu^ imiil the load complBiel; coven the epan. 


^m WlwBi = E,orniorathins,M^=^^^^^'. 




H m,n.i.les.«^. „,=^jii^_,j. 




■ 




^^1 DtAOUK,— Let ABbe theboaiD (S, 0). Atthasitremity (C)of thetoad 
^V draw 0D = "''|'~'^- '"'" A to D. "id B to D. Draw the pKabola 






A EC («3S), wbose onliaatfi at ita centra = ^' ; u,o same as iT for a 




uaiform load on a btam AG, anpportaa al A and C. (19). Then the votUcal 
1 dlBtancea bBtween ADBandAEjBwill give Ihe momeuU of raptoro. 




^^H DUtrllmled over a ecMalu lenRtb not EKteBiIliis la either Snovan 




^V Lti z - the I^ih of the load. 

^^* iei = (Ae distance /rom the load 

1 to the left tapptrt ; and Ut x be mea- 

tund from the )ame mppoH. 

When a; =" u, or leas than i', 


Fig. 15. 




B^^B 


^H When z ia equal to or or greater than (v 


imiB^^i 




+-•), 


H 1U = ^(.+ D(I-^). 




^^M When X U greater than v, and leu iban (v + t), 




■ M.= "-f{«.*«.-.---i^l-^- 




^H 


ri 



r 
I 



(tend over ^M 



Diiasui. — Let A B be tha beam (5, S). Aod let the lead extend 
the length c At K, the centre of tLe load, erect K 

to A uid H to B. At C and D, the eitremitlea of the load, draw per- 
■ ~ ' " and H B in F and Q reapectiTcly. 

bnU CE D {23^), whose otdinate at 

a digtribnted load on a beua of the 




mnla mnEi he taken eqna) W 2t. 

OuauK.— LetABbelhel)eain(S,D). On AB draw the parabola AD B 

(ISS), whose ordinate at centre = -—-. Mate CB = — . Thtongh B 

draw E F parallel lo A B. Make tbe horizontal distance of F and E &diii 

A and B reapeoUvelj (as C B) = -. The diagram will be accurate tnna P 

IhoBB limila proceed at follawB. Dnw 

t is at B. Divide C B iou a number 

1 draw YBTtii;BJs. At ihe Srst divteiou 

from B tclce - (= j) oF the vertical dietance betiteen llie parabolic arcs E B, and 
D B meaauring from B B. At the Bcoocd division taJce — and so on, cormtlnft the 
diTieiona tlrom the abalmont, and messunnj; from the Bmaller (lower) parBboU, 
BB. Tbe pointe thna DtHained will anahle ibe ourre, ae shown in the diagram, to 
taa tnuKd ihroDRh. Repeat the same opersiion on Ibe opposlie end of Ibe beam. 
And then lbs vcnical distances between AHSEB and AFBB will give the 



B (*M) <vl 



33. PolHti of Caulmrr Ftexare, or of inflexion, or of "no- 
cnrrolnre," aa the; are sometimea called, are points at which (he upper 
and lower surfacea change &om conTeiit; to coDoiTit; (4), and viet itriS 
(see Eg. S3). At these pointa, aa there is no eurvatnre there is no moment of 
nipture, for the momenta of rupture ore the intenidtiea of tbe euiring or 
bending forces (1), 




SuauK.— I«tABb«the beaml(B,B). At nid-apu ereel C W = 

&t A imd B erect AD and BE, each Join D to E, ttnil C to A 

and E, Thea the Tertical distances between D B and A O B will give the too* 



ThelengAff' U identical mth (19), and Cht parts Af and B/' iwU 
9 (11), (lie cnucentrated loBd Bt the ei- 

■ 1 ;[, oCeach «jmi-beam A/, B/' bcmi; Pig, 19. 

CoballtbedisLiibuted IcmdoD/j" 




ff, = 0, there are the potnti of amlrara^exart (S3), dbtant 
m A and B Teepectirely b; '211/. 

TS3flE~I ~ ""' juarfer r^int of l£e tame ieatn ^nofjEzof afli« 



I DuosAK,— Xiet A B be the beam (B, 6). On A B draw the parabola 
I), whoBB ordinate at centre C D = -—. At A aad B erect 



i. B uiil B P reBpectlrelf , eacit eqaiil to - 

TeitinildisbuiiiH between EF and A.C B willgi 
The poinit qf contrary jUxiurt (93), ora 
with B F. 



JdIo B ta F. Then ths 



3S. Beun of VnlFnrm Blreoctk (lOS), Fixed borlnnlBlb' at BoU 
End*, and Lowlcd nDlRimlr lia entire LFBBlb (41). (See 30,) 
The length ff (= iZ) j» identical with {19>, and the parts ^f and 
Bf wilh (II) ; the conceaOuted laid 



= halfUialoaaoo//'. 







3loi' 



■ (».) 



,1. = M, = - -^g- , . (*.> 
IThere M, = 0, Ihere are the pointi of covlrai-i/ Jlexure (»1>). 
A/ = B/' = {-. 

DusRiH.— Let A B be the beam <5, 0). On A B draw the paraboU 

ACB(a3a),whoBeord!Daleat ceiitrB(CD) = j-. At A and B erwt 

A B and B P lespeetiTel;, each = ^^. Join B to F. Then the vertical 



^tlou, mtlofoa TnoHnptiorl* 




WhereUj = 0,there arctha pi 

DiAOiUK.— Let A B be tlie beam (», B). On A B draw the paiabola 

ACB(*3a), ■whoaa ordinate at ooLtro C D = — . At A and B erect iB 



B V reapeetirel;, is&king A E = M . , 



. Beam of VBirarm and Eaiwl Section, Moported Bt < 
HBd rlied fcarliDBUillr si tbe Other (B}*, Bnlfurinlj 
Ita entire l^nsili (49). 
i> east ii identical «ilh tkc 



M. = 0. 



(*•) 




(23) ifi where M* = 0. 

9' 
midway between A sad / =^ 



The p»bit of emtnvry fiexi 
SI 

i/-T.t M 

DUQRAK. — Let A B be the beam (S, B). Oa AB draw tlie parsbak 
AGB (>3i), wtose {irdiute at centre CD = ^. AtB, the fixed end of 
the beam, erect BE='" - — CD. JoinAtoE. Then Oia venicol dialancea 
Where A E intar- 



wota CB, there will be tbepoinl of conlrari/ JUxure [S3). 

30. BOUD or Fniform 8(rPii«Ili (IG.t), mDDorled a 
Mid Fixed borlioBtallT si llie olbBr (B)*, nniroml 
■!■ enlire !«■»■■ (18). 

Thit caie it identical vnththe Unglk f B of (ta). 

M.= ^(:-ir)-'^,(2 beiDg 
meainred &Dm ihe onGied end). 

Mi = 0. M. = - ^ . («,) 

H at midvaj between A and / 

^ W 
'BapobU ^ wnimry fiexitre (23) is where 



a (A) 




t Tbe Tkloes In thia m 



I Blightly orroneouB. Tbe Oorreot value for A.f ia 



DiASEUH.— Let AB be tha beam (I, fl). On A B draw tlie parabola 
A C B (839), whose ocdinate at centra (C D) - ~. At B, the fiied end 
of the girder, erect B E = M, = — -. Join A to B. Then the vertioal 



inbler 



r moFe RiBhtlj' PropoHlo&ed * 



CBBth (50). 

Alt lueh cait! nuTj is regarded at camUnaliojis of tome of the cata 
prmiouily given (i4— 29). For if, in any of the latter, the beam, iDaC«ad 
of being filed at one or both ends, be continued over a eupport whore 
originally fixed, and Eubjected to the actjon of a load, which ehall produce 
at the point of enpport a moment cqoal to that prodaced there by the 
fint loaj when the beam waa fixed at that support, then the moments in 
the originsl length of the beam will remain as tjiey were, and will not be 
affected hy Ihe Bubetitation of the continnation for the filing. 



Fig.M. 




onmber of eqcidiatast p 



N 



Let A F be a beam continnoQS 
B, C. &0. 

If the beam be of nniform Btrength (l6S), the oaler BpanH (AB and 
E F) should bo } the length of the others. If of nniform seoton, the Onter 
Spans should be '7S9 the length of the others. (See lis A.) 

Ibe end spans may be le^iided as identical with («S) or (SB), and the 
remaining spane with (S4, 25, or 30), So that the momenta of mpture mty 
be obtained from the formtihe or diagrams there given. 



...__ . „ a. that would be 

wortli anyiiing for praetioal appllcBtion. A well-known auUior t has even pro- 
DOnneed the oaee " log coinpUcatad for mTesBgaiion." 

The following appnmmaiions, however, may be relied on for wjettf viiAottt 
tummiiittia. 






• By rishtly proportioned is meant, proporlionea so that if the betui 
11^ OD eny one of tlie piers inelesd of conusuons over it. Uie momenls pr 

" "' "' ifntml J loaded throngliont. 



a, 'Etq., il.A..—" Inn Briii/ti." 




onn Pier, faimlns two Eqnal 8 
JuinirnilT DinribBteO, nnd alio lo h 



d(il). 



Tht grealat tiumenl over the pier will ba produced when both spans are 
fally loaded. Bach Bpanwillthenneoilj conespoad to (!B). 

Tht grealesi potirire {*) momcnc will obtain ia the span folly loaded, 
when the other span bears oaij ihe fixed loud. 
Lot KP = filed load per unite of length. 

and let x be alwajs meuoreJ Cram an abatment, and no! from iJie 
pier. Then, 

i Uozm. poddM (4) moment, M, — 5 — rr . 



1. negaiive (1) moment OTer pio' (C) = 



(l« + w^)F 



lI«.neg.inom. M, = g(- + .^)(3i-3*).or .u.egw,terto 

at Mj other ^ ; ^ ■ ■*■ 

Any podtive ralae of the last two, and any negatire valoe of the Erst of 

I these fbor eqnatiana, most of conrsa be diaregacded. 

M. = Mb = 0. 

Bj making Mi ^ in the first and last eqaations, and then Ending the 

Talne of x, the limits of deTJatioa of the poiuta of coalrarj Sexoie (23) 

may be obtained." 




DusRAit.— Let ACBbe the beam (S,G), Oa ACdrawthepambolaACC 
33«), whose ordinate at centre D £ — (to + u'j — ; and on G B draw the 
pwabola F B (S3S), whose ordinate at centre P Q = -j-. At the centre 



• H (^) be not greater t 
I down to lie abnOnenta, 



-C^^^s^)." 



mwHl n 




and, measDiiBg bom C, mate C E = 

Join H to A, and E to A and B. Then the TerticaJdiftanoei 
en thejumbolio arn A D L and A L willgive the mniimiiTn poBiave (4) 
intl. Tte verticBl dlBUDceB between N ff and Ihe aictlZC, or Uuwe be- 
K M and C F ^, icAiciWn- bi IM grrater, vrlll Mva the ■""'■"""■ negadTe (4) 
iM. The poinU of conlrary fiexare (33) vill approach aa near the 
pier as L, and reo«de from it aa far as M. (Set foot note, p. 13,) 
NoTi,— Tto vailooB valnoi, ftc, given nbove, apply eqoally to iMth tie spOJia. 
"^^ dJagnm above !« dravo to BcaJe, on Uie aupposlLion tMt Uio rolling load 



ia J Uie inteneli; of [be filed load. 

a or Vattt 
formli Dlatrlbnted, i 






tbe alternate apans from it 



: centre of obj 

fall; loaded, the remaining bj 

it of loDgth. 



m BtrcDStli (laS) Ibr 

•r noFe Plen, anUect lo a Flicd load Val- 
id Blaa to a HotIbb Load (GS). (See 113 A.) 
The maximum, moment oter onj pier will obtain, when only the two 
adjacent spans, and every alternate apaa from them, are aimaltaneondy 
loaded with the greatest load, the remaining spans suatoining only the 
filed load. 

Ri momcnl ai the centre of any tpan will obtain wben it and 

only tlie Gied load. 

Let w = the fixed or dead load per ni 
ui'= the moTiDg or live „ 
{' = either outer ipan. 
I = any other span. * 
Then, the maiimnm nigative (i) moment o 

M, = M. = -^(— + yj. 

Maximum negative (1) moment between any two piers (i.e., in : 
inner span, t), 

(poaiUTe valaee of which must be disregarded). 
Mudmnm poli'd've (4) moments between any twopien (i.e., in any in 
ipan,0, 



er any pier, BorCI., 



M, = 



-ll- 



32 ' 



{negative faluas of which must be disregarded). 
FoF either onter span, the Ti'i'i miini negali^ moments, 

M. - — 2— (i - «) - gy- (-+yj, 
(poaitive valnes of which murt be disregarded). 



of the values hereai^ given will 



poiitwe tDDnieiita, 



M, ^ 



I (ID 



X)- 



ZwxP 
32? ' 



z being measured from the abatmeat. 

If any of the fcregomg eipreeaioQS for Hi be made eqoal te 0, tbe Tilna 

of X Dbtained from Ibem will gire the positioDi of ths pdnU of coDtrar; 

flexure (13).* 

Kora. — 1/ iht bean ie amiinaoia for three ipatu eti!y, I, aan, cocScient 

P/2w v/\ zP/2v <o'\ 

btlifleipresuon-2-|-^ + -jl, or in -jj^r ^-=- + -g I, moat havea value 

gireji to 




k 



parabola B D C (X3i), whuBe ordinato at ceotre (D E) = 
Od A B [Irair tlie pambota A P B ( S3! ). whose ordinate at ceotre 
(PH) .. i^Lt^ll". At B and C erect BH and C Jt reapeoU»elj, 
eaoh = 5 ( "7~+ 'qj- Jo"' A to H and H to J. Measariag from B and 
0, ma1[« B E and C L, eacb = -^. Jom A to K and E to L. 

Tbeverlieal disiaiiceg bniweeo APOP and AP site tbe mailmma positive 
■■ - - ■ -— -,fil,gv.B 






OH aadOPBEi 
il thoie botwcsn Hn 
a negative maioeitia 



The points O and P, uid M aod N or M, and N', them the limEts o 
deration of the jMinto o/ ranipary jiecu™ 03). 

the diagram above ib drawn to scalo, on IbB supposllion UiHt Hm inUaeiQ' o 
(be relllog load is one-balf ibst uT tbe fiied load. 






If (^) be not 



"C-^^^^0." 



n Ihe farmala] must be 



33 A. Now. — The momsnt of rnptnre at any point, prodnoed bjMTeral 
lo&ds acting umtiltaaeuual; on a beam, is equal to fhe ediu of ttie taomenti 
produced bj tho aeveral loads adJng separately. 



. Abbreviation 
Let P and F 



actions on the BappoitB doe to the total load 
on the beam between those supports. 
Hi = tbe eheaiing force at any point x. 
u = distriboted lead per nnit of length (61). 
W = total load concentrated at any point (61). 
X = diatnnce from left-hand tapport to the section at 



'bich S H 



I -. 






length of span. 

Other abbreviations viU be explained where they 



35. In the DuoRiUB, the ordinales (the Tertical distances &ain the 
hotixoDtal or other lineal to tbe curves, ^c, as Bbotm thereon, cocnapond 
to the vatnes of the formulie accompanying them. If the diagram bedraim 
to Bcate in the manner ae directed, the eheaiing forces tnay be obtuned by 
direct meataTtmenl. See also (<). 

[ tbe HlieBFlns Forte al our 
LrlbnUou of l.oad. 

Lot it be raqnired to find tbe Bhenting force at any pcint (C) of a beam, 
yjjj gfl Let W = the load between A and C. 

W= „ BandC. 

Then, H H 



SH, : 



P-W, . 



■ ~P-W';— 




B greater of the two raluea I 



Kc M (he Other, and lAmtMl 



Tbe shearing force at any point P is equal ta 
al! tbs load between that puint aud the unsup- 
ported extremity. 




DtiaoAU.— Let AB be tbe beam (3^), At 
A erert A C = lo i. Join C to B. Then 0,e 
veniisl dJaUDCEB bclwnm A B uidCfi wUleiveUta 



WelEhi HI It! free EiiremKr (11). 

S H. = W + 10 (i-a). S H. = W + lu i. 

DuoMM.-Let A B be the beam (3S). Uiike 
A C '^ 10 :. Join C to B (aa in 3S). Moke 
A D and B E = W, JoIq D to E. Then tho 
TBRicBl dlBionces between B and D £ will give Hie 
ebeanuif lorcBB, 




, DuQKllI. —In ng, 30, tlia ebeaiiog foccaa (U) tea Uiis case nrs glTen by the 
m C D end A B, A C and B D beinK cacb ~ j ■ - • (^-) 

■ Beam Supparted nt Baili Ends, and Koaded v/Uh a Cdb- 
rated Welilit at anr Point (13). 

rt a and i be (be distancea of W from tlie eupparta A and B respee- 

b 

SH, = F =Wj =SH., eoDstaut between A and W. 

SH. = F = Wy = SH., constant between B and V. 
ft TSTtioal i 



t>. Bean SmipDrted at 1 



B3 = 



. (43.) 



(17). 

8 H. = W r 1 

' , '^ The greater of these two Talaee ta be taken. 

8 H» - 8 H. = W. 

fSAIf. — In ng, 30, the vertiCHU A E and B F M eitbei extremity oT 




I 




When W ie in the centre of the be 
(K), the Bheaiing force for the whole 
length of the beam eqnals _ = the 

Tcrtical distance between C D and 
AB. 
When W is at any other point (Q), 
the Bhearlng forcee in the two leginentB, R P, Q S, are invereely as the 
lengths of the eegmeals. The vniioal distances between A B and B P Q S, 
give those sheariiig forcea. 

When W rolls from end to end of the beim, the shearing forces are oi 
the lerUoal distances between A. B aad KEF. The points P and Q will 
nlwajs be points in either B B or A F. 

44. Benm SuDpoHed at Botb Eods, and Loaded nnUSnalr t 
cmlre I^Dsili (10). 




The sign of the result to be diaregarded. 



DudKAM.— Let A B be the beam (35). At A and B erect A C and B D, 
each equal to -^. Join C and D to the mid-span, £■ Then the veiiicat 



(ao). 

The greatest Bbearing force will be 
developed at the point of junction of tha 
loaded and nnloaded aegments; in which. 
case let z also represent the length of tha 
load. Then, 



-jf the two values to be 



At mid-span, S H = 



* AainthSEueoCanilwayliaLaBr 



^^^^B SiianAK. — Lei 

^^^HeBpectiTel;, each 



:ks. 19 

I SuanAK.— Let A S be Uie beaio (3S). At A uid B erect A C and B D 
ecliyely, each equal to ^. DrawtheMmi-[*rBibo]»,CEB(J3«), whose 
Tertex is at S, and ordinate B D ^ -^ Drair the aenii-parabob A B D 
Borreipondlog exactly to C E B. Then, as Iho load advances from either 
jner (na; A), the shearing force developed at the junction of the loaded 
with the unloaded apBi will be represented bj the Tertical dirtanceB be- 
tween A B and A E D. When the load covers the whole apaa, the shearing 
fuci^ea Kill be as in {**). 

As the load is liable to advance from the pier B aa well as from A, the 
mBiinmaiBlieBTinfil'orceslbrallposilionaDtthaload will ba ^ven I:? Uie vertical 



Let A B ba a beam, Hobjeot to thi 
let the beam be nnifonnlj loaded, 
Xbe notations as before. 



The values of F, F' are the pressores on the piers prodnced bj the load 
between A and B only. Should there be a load on the beam continned 
bejond these points, the preaaures similarly fouud must of course be added 
to those above for the total preaaures oa the piers (ISI). 

:ed nt Both Extremllles. nnd londed nnlformly 






— a-4 



butly the same as for (M). 






DUOBiM. 


-The 


same aa in 


(U), which see 




48. Beam 
Bd Fixed 
enstb (S9) 


borlic 


:s™.^ 


(be olber, nnlfo 






At the unfixed end, S H, 


= 


1 




At the filed end, S H, 


^ 



3 H, = w ( g — i), a being measured from the nnfised ea J. The liga 
of the Tsnilt to be disresanlefl. 

SlASBAU. — Let A B (fig. Zi) be the beam (3S). At the naGied end (A) 
erect A C = "^i and at tlie fiied end (B) erect B D = 2 {A C). Join 



«. Be 


Ftg.M. 


arm una 


Equal BeetlOD. «Hi>iH>rtea nt One End 
nBd Fliea harUanlallTnl the Otbcr. 


■ 


m 


B 


At the unfixed end, 3 H. = -^ 


HB 


liiH 


■i 


At the filed end, S Hi = —^ — 



/3i > 
3Hf^tc(-^ — xj, X being tneaBnced from tlie onGied end; and tbe 

sign of the result being diaregarded. 

Suamx. — Let A B be the beam (3S). At the unfiled end (A) 
erect A C = -g-, and at the fixed end (B) erect B D' = -g— , Join C 
and D' to E', distant 1 1 from A, or mid-vsy between A and the point of 
contiar; flexure, /' |33). Then the vertical ^elances betnesa AB aaAffSD 
will Kive Uie abearing ibrcea. 

The length Af u idenlicat with Lf (Bg. 21), owJ /'B viith/B 
(fiB. 21). 

50. Contlnnoni Btuuni nltb Fixed lutl&iniily DlatrlbBlcd tMMt 
(30). 

If tbfl Bpana be'rightly proportioned (aee foot-note, (') p. 12), Qise(48) or 
(49) iiill apply to the outer Epans, and case (41) to the remaiDing Bpans. 



^^^1 centre piti 



The maximum aheariog force at eilhtr 
ainitmeni vill obtain when ita ipait onlr 
snataiua the moving load, 

ahearing (orce W the 



centre pier -will obtain when both apaua are full; leaded, 





Thfl gienUst Tslne to ba 
taken ; + z to be mea- 
sured from tha abat- 
ment. End tbe aga of 



lappued to adnnce from e 



r when X 19 about eqnal to J i, and graduillj diminli 
I lees thui -. (Seo ILo dotUid ciuvb in the disgram.) 



DucKAtt. — Let A C (fig. 3S) be one span of the beam (3S). At the 
abutment A erect A D - ^4 (*">-<- G>°')- Hoke AB = ^ (w + »). 
At C erect C P = twice A E. Join E and P to M, distant j I from A. 
Throagh D draw D N parallel to H M. Sfeetoli in a curve Bimilac to that 
(dotted) in tbe figure, making an addiUonol depth to the ordinatea, at the 

point of minimum aheariEg force, of W t. t Than Ihe vertical dielauosa be< 



St. Benin or Knirorm Btmwtb (ISS] 


e the maTimnm aheaiing tonna 

fOP the Hoxlmnn Btmna. 
■nblect t» n Filed Load 
MovlDB load (S3). (See 


t The IMI of the Ibree valuBS is tbe BbearinK force In on 8 spau, wben the oUier 
Dnlv in fully loaded, me addition however mads for tha load liomR a nioving ooa 
will enUrely cover it. 

t An exact oxpiDBBion for the valne of the ehearing forces developed bj a load 
gTadoaJljiiilvaneing acroBe a conCinnoqs beam of (ab"Ht) uniform atrenBiJi. woold, 
even if il conld be oblsiried. bo moat complicaled. Tbe pmceaa here angBeated, 



neoiulf with the m 



X b«mg meunrod from the di 
For eitier oater 
At either si 



SH..SH.-l(|, ?f'). 



At the pier, 

S H. = H"" + ^}- 
At OD} other point, 



The greater of these ts- 



Or, 



At the middle of the inner spans, and at J 2' froni the ftbntmentt in the 
enter spans, the Toluee otitiiiueil b; the above formalie must be increased 

vfl uf I' 
by -g- and —^ reapeotirely ; and thia additian, giadnallj diminiihed, 
mngt be made for Eome distance im eilhtr tide of those points {see foot 
note (i), p. 21) as shonn in the dlngmm below. 

If tke btam be conlintious for three ipans only, the aboTe fomulee 
miul 1>e modified as directed on the next page. 




flHBAUvo roBon. 23 

ooincide with B D. At A erect A L = i D B. Join D and L to M, 

distant J r from A. Make A = ^' (w + k/) - ?^*. DrawONparal- 

lel to L M. At T and E sketch in cnrves,* similar to tBose in the figure, 

giving additional depths to the ordinates there of — r- and -r- respec- 

8 8 

tirely. Then the rertical distances between O T D and A B mav be consideeed 
to jrive the mazinmm shearmg forces for either outer span, ana those between 
G y H and B for the remaining spans. 

If the beam he amUinuoue far three spans only, the ralue given in the 
formnlsa for S Ha and S He , and in the diagram for BG and H, must be 

(18w + 16fo')Z Vf2io ia'\ 
altered to ^ 55 "^ s"z V "t" "*" "2 J ' *^^ further, the value given 

to 8 H« for the inner span must he altered to = S E»— x{io + v/)\ 
in which latter expression S Ha must have the value just assigned to 

2 



* See foot note (X), p. Si. 



vaaaa or ssmn ut> amnt. 



PLAHQBD GIEDBHS, AECHBS, AND SCSPEHSION BEIDGES, 

E3. In tbe Deilsn oT a brldse, giidec, or other Bimilar Btructnrs^ 
wrfain parti ol nhich are supposed to timis% certain itraias, ' the nuions 
procesiea tie followed oat in a progieauve order. \Vhen the data do not 
extend beyond the amount and nataie of the load, and the tridth, &e^ of 
the obstacle to be croued, the pmeessea will be as follows : — 
I. Hclermination of tht iind of bridge or ^rder (Si). 
II, DeUrminalion of the gerttral croii $a:tion, and nn^jbr proponimu 

of l&e ilmeture (5S— ss). tThese enable — 
in. An tntiiine lielch to be dnuen (as). 

IV. Appraxtniaie a/imalion oflkt weighl oftlie ttrudure (M. SI). 
V. Calculalion of the ilraim tm Ike varioui parti (St — ISl) (whieh 
itninB mntt be fignred on to the outline sketch), at as many pointa 
u will be found necessary for the accurate — 
VL Delaiainaiion of lite DmounC of laaltriat to mut tie riraiiM on 
the yarious parts (163— 1T3). 
TIL DatribHti/m of the material in Ike i-arioui parte into a farm i^ 
croti ifcfton htM. laittd to TCiitt Ike kindi of itrain bnmglU vpoa 
them (IH — !»•), having regard to — 



(Emhodying prooessas, I, II, III, aboTe.) 

M, The Grtt operation (I, B3), that of determining the kind of bridge 
or girder, must be led entirely to the diecretioa of the designer ; at least 
no rules ean he laid dosii for bia gnidance : the Bereral conditions wMoti 
wonld inSuenee the decision. Each as nalnre of site, obstacles to be croend, 
fsinlities of oonstmcUon, &t,, being infinitely diverufied. 



* The iTfitem of ro^^ardins psrtlODlar mom ben 



andlbesealo 




Iqun tfaa gneattoTM of the reUtiTe advsDUge uid ecoaomj of tbs many 
' ^jsUma wMdi hsTe been adopted and BuggesWd, 



N 



H. The central depth of atnught independsDt ^rd«R nuij b« nude 
&om ^ to ^ of tba span. The greatest ecoaomj of material i> pcrhap* 
obbunAl at A. 

For ooDtiauosB girders, or girdera fixed at the ends, the depbh maj nry 
from A 1^ ^ of the Epan. 

II. Whece eonreuient it ia in moal caeea adiiiable that ginleTB «it!i 
fixed ioada and with oblique or carved flanges or booma, gbonid hare their 
deplhi Tarjiog ai the momenta of raptors (1), that is, a> the ordinatea in 
the diagrams <S) given for Bsverol eosei (t — 33) of loading, &o. (1«). 

It Jbllowg from the above, that bmr-atring girden^ uohes, Bogpeonini 
chuna with etationorj nuifarml; diatributed loads, ihonld (the latter toiZi 
'Ij) have the form of a parabtta (933), 

nomicaltj disposed at 

SS. The design having, as ntppOKd, advanced thus far, it is advisable 
that a ekeleton elevation of tlie bridge or girder be drawn to a modeiatel; 
Isige scale, that the atroina on the various porta aboat to he ealcnlaCed 
be figured thereon. 



SECTION n. 

ClLODLlIIOS OF IBB STBIINS ON THE VlSIODS FaBIS. 

(Embodjing Processes IV, V, p. 24.) 



iM. ApproxlBtaM Estlnnlton at Ibo n'f Isbt of Ibe Stmctnn. 
laL If no other soarce of tnfonnaUDn be at hand* (W>A), assome a pro- 
bable weight from the data of experience. 
2nd. Calculate a few sectioiia b; tbe forninlat, &c., given hereafter, on 
the snppoution that the bridge or girder ia loaded with the jnat-Bssumed 
weight uniformly diatribuled, and the maiimnm extraneons load that ia to 
be brought upon it. 

Scd. Make a second approiimation of the weight from the few sections 

jnst calculated ; allow a percentage for contingencies (which majr vary 

I from 6 to 25), snd if tbe total be at all near the first estimate, it will 

^generally be aulEciently correct to stand for the weight of the struotoie in 

"le final calcnlaUon of the atFalna, lie. 



I 



. ADDroilDOle WelBbta of Mronsht-lrau I 
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ei. The tctiffJil of the leam, girder, d-c, mtui always 6e inlrodiiced 
info the catcaliUvm for the strains. It xaaj generoUj be conisidered aa a 
naiformly distributed (of course stationary) load. Where tbe load is 
Blationajj, and also cnifonnlj diatribnted, (Tiz., caaea 9, 10, lis — 30, and 
3». 4#. 4J — SO), the nnit of weight of the girder may bo oorabiaed with 
tbat of the load proper. But in nearlj all Other Muea it will be neceuaiy 
to regard them aeparatelj. 




Flahobd Girdees, with Tbih CoHTiNcons Webs. 




I 



li. In pages 
25 to £9 inclnEire, the wch is couaidered to tabe no patt in rsBiMing 
tho horizontal Btiaina (l), tha whole of vhicli will be provided for in tha 
flanges. 

Though this 1b not tikooretically correct, the error is practjcallj eo amall as to 
bo dlsTDgBTded with eafoLy. 

Neither are horizontal Ganges conudared to take part in leaisluig the 
the shearing fonea (1), the whole of which will be provided fo: in Web 
(0*, sa, 101). 

Strain! in Flannel Generally. 

03. Flanges or parti of flanges, perpendicular to the acUon of the load 
on a girder, have to resist only the heudiog cETect of the load, which 
depeni on the moment of ruptora (I). 

84, When, however, a S.'tnge or part of a flange ia not as just sappoaed, 
it saffars an additional strain, wbich ia part or all (as tha ease may be) of 
the shearing force (I), the amount of additloaal Htroia depending on the 
inclinatiDa of the flange til). 

Thus In ordinary practical caaea, where the action dT tha load Is vertlaal, tha 
itraln on Uie liange iDcreaim Che more it wanders team (he harutonlal position. 
The eilja glraiu it eoa'are, however, raudlOea proporUouall; tbe atrata on Itia 
web (80, 81). 



rss. Nature of tlie Btrains. At od; Tertical 
vtiuna in the two Baagea aie of diOerent kiada {i 



Slraint in Ihe Well Otntn^ty. 



I 



SB. Tho atrains borne lij tho web are the shearing forces (I, 34), dna to 
the traDamisaicD of the verUcal pressure of the load to the points of anp- 
port. Their amount (nnd sometinieBniannerof nctiooj are greatly modified 
b; tho longitudinal fatm of tho adjoining Ganges (M, SO). 

























Flanges 
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M. Bt DiAGEiN. — If tha ordinate, in the diagram for the case (S), at 
anj point cf the girder, be made to represent ou a soale of parts the 
' on the flanges at that point, Ike strain at aay other poiot may ie 
' of from Vie diagram. 

e straiiu are either direct tenaioa (ItIT), or direct compres- 



^^^L IS. The HIraIn ni 

^^H (a tbo "HhenrlnK F 

^^B nine Bee (34-a*). 

^^H T3, If the girder ha. 

^^^H naat be divided b; th< 

^^V 3J. The B&tare of U 



T3, If the girder hnTs more weba than one,* the strains as found b; (Tl) 
UDst be divided b; the cumber of webs for the strain in each. 

3J. The natare of llie alrain in the web is a Bhenring (proper) (lll)i 



HBTED OS. OBLTQUB FUBDES. 

T5, Td And the AnODBt or Strala on either FUnse al anj point, 

— Divide the momeni of rupturi (formulffi and diagrams, pp. 8 to IB) iy 
the depth of the girdtr, the rertical distance between the oentreB of graritj 
of tlie aectiung of lie two flanges, and maltiply the qxioiitnt by Iht wcone 
(iss) of the angle wKkh, the flange, or a lattf/ent toil ai the point, makes 
wilk a hoiiioBtal. f 

TB, If the depth of the girder vary Ihroaghavt at the mooiCTrf* of 
vap'art (I, si), i.e., as the ordioates «hg<ni in the diagrams for those 
momenta (5), then 

(a), the ttraiia in thejianget unW nary at the leeantt (see IT, IM) of 
the a'ogla of inclination to the koritan. So that 

(i), if the ttrain al a Iwriionial parti 6« fcioum, the itrain at any 
other part may be found by mtUliplying the former by Che leeant (see II, 
lt»} if the angle of inclination of the tatter. 

71. Sots. For the opaiaUDn oT mnltip1^[n!i by the B( 




* Afiiu "lxct"or'*CnbTiIar"ffirdBrt 
t This is but a clou apprciimstion 1 
i ntucta mil generall; be at the eent 



r 

^^1 the 
^^f dm 

I 



r the 



a tbe flange in compreffiioD («S, 18) be iDcIiaed 
mge in tenaion be inclined daitu j ^^ j , lie 
, anbtract j 



nearest poial of enpport, J ., | llie Terticat coropDnent of the ainia 
in tlut fltiogs I ^™ f tie abearing force. The ffign of the result need not 
her« b« r^uded. 

If S = BtraiD ia fiuige, 

S = nngle which the Sange or & tuigeot to it makes nith a 
hoiizoLtal line, as D E P (fig. 37) ; then, 
S X Sin S = the " vertical component referred to above." 

81. By CoDniniciiDii. — DrawaTertieal A B— shear- 
ing force. If tbe flange in (eiwimi (85. 78) bo inclined 
dovn frtmi, or tbe flange in compression be inclined 
dovn to tbe nearest point of aapport {"VQ will aeppoHs 
the latter caae),— Draw CD representing both in direo- 
tion and amonnt the strain in that flange, so that a 
horiiontal drawn throngh D shall cut A. Then GA 
will be the Tertical component of the sliain in C D. 

Again, if the fiange in compraiion be ioclined down 
from, or the flange in lemion he inclined dann (o the 
nearest point of anpport (we will suppose the latter case), — Let it be re- 
presented by E F, Obtain its Tertical component BB, which should be 
Added to A B, in the same waj that A C was subtracted from it. Then 
C E will be the total resulting strain on the web. .Should the amount to 
be BDbtracted exceed the aum of tbe original and that ndded to it, the 
difference mnst still be taken. 

SI A. The str^n taken mnstbethatobtaining when the ahearing force being 
' ~ered Is dereloped. For ijiaULnee, with a load gradually advaccini acnus 
3 supported at both ends, i^BEQaximumehennnff force will be developed at 
It™, when tte load covers onljhalf Ihe span (4S>, at whicli Urns [he roomeuC 
, jirs.from which Che flanire BtraiD <s fonud, will betlistgivtmlif <M),Bnd 
]t by (IS), wMch latlier would be used when maklcg the calcolalion for tbe 



tig. as, 

■ 



83. NoM. It will obvioualj foUon 
girders with curved or oblique flanges, t 
not ueceuarilf occur when the maiimu 



, from the above rules, that i; 
:l shearing strain ia produced. 



* The mlee, Sc., given hero are m 
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GlRDEKS WITH WBBS 0? OpEN BBiCINO, 

FiE. 351. 
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^^H 84. At any vertJoal aection of a. girder the Btrains in the two booms are 

^^H oppoaik in kind. (See OG, nhich also applies here.) 

^H as. Whfi. the girder is loaded at tte joints (91). the strata in any bay 

^^H of either boom is cooGtant thrunghont its length, and acts only in the 

^^H direction of its length. 

^^H se. & bay cannot be in direct compreaaioQ and tendon mmnltaneonaly 

^H 

^^H ST. Whenever the load or part of the load upon a girder is abtattd 

^^H helKeen the two cxlrmitiee of any lay, that bay mnat be congidewd as a 

^^^1 loaded beam, and the stmLas in it calculated and provided for aooord> 

^H 

^^^k HS.. The strain on any brace is constant thioagboat its lengtb, and wU 
^^^H only in the direction of its length. 

^^H 00. If (wo or more strains, not all of the same kind, be acting npon a 
^^^P brace at the same time, the total actual strain in the brace will be equAl 
^^ to the algebraical sum of those etraina.' 
" 01. The NBtore of (be Blralns in the diagonal braces of girders 

^^^ . (i) in all bara ioolined down from, the nearcat support— (m«on (181). 
^^L SB. If the girder be not symmetrically loaded, some of the bars will be 
^^H subject ta strains of a natnre contrary to that stated in (01). 
^^H 03. Counter Btndu.— TTith a moving load, some of the bara will be 

^B positiou of (he load and ths proportion it bears to (be weight of the girder. 
^H The strain not according »ith (91) is known as the "counter itratn." 
^^1 Note, (si) and (03) do not apply to semi-beams cr cantilereis. 


^^H • Equal mtiiB dilTerence between the aum of the tensUe and the GumDTtlig 



n 
^ 

n 



M. If the luad ba bianghb only npon ods boom,* mj two bars fonnis£ 
ui apex OQ the nulooded boom may be teinied a ' ' pair ; " f if theM make 
«qaaJ angles witb the booiD they are equally stiaiaiK]. 

OS. If both bu4ias be loadeil, then — 

(a) in a warrea (lig-zag or Eiagle triangle) pnier there will be no 

(6) in a atrtigit lattioB J girder, if the load be equally diiided between 
the two booms, bars ioterat^cting at the mid-deptb of the girder, and 
making equal angles «itli the booma, maf be termed a " pair," sod ore 
eqQ.tlly etraioed. 

CALCULATIOH BY MSASS OF THE UOMSSTS OP SUPTPSB {pp. J to 15) 



s EiiEARim eoscES dip. 






W, Loads TCEnlarlr eonrentrated nt Ihe aplcee of the diagonale, 
may be consldei'ed us uniformly distributed luads (u, in i m go 
»nd S4) when the momenta of rupture (l) and ehearing ^' 

foreCB are bong detennined, bo long is the concentrAted ^^SRH' 
load at any apei la eqnal to half the Bum of the aapposed Hi^B^I 
noifomily diatoibnted load on the two a^oining baja. Thus ^^95V^ 
ItaswdglitBt A(Fis.3B)muECb6 = ]UialHtB. bsDira the load can I^^^S 
be ct^Sdered aa mutwmly diairlbatAd. IT Uie uniformly dlBUi- 
bnlsd load were on i^a botunn boom ia (he Sg., Uie weighu conce:LtraU>l ai 
O and D would bo equal. 



ST. Nois. Ab the depth of the girder (a constant diriaor in caJeolating 
the Btnuna from momeuU) is unifurm, the diagrams {t, S) may be con- 
aidered to give s^ins inal^d of momenta, if the vertjcal acale be multiplied 
by the number of unils of length in the depth of the girder. 

Thua, enppoBe the diagram had been drawn to a vertical scale of six 
tone to the inch, and that the depth of the girder was (loa feet (the foot 
being the lineal unit used in the coae], then Uie ordinatea in the diagram 
mfty be cooaidered to give actual stiaina inatead of moments if they be read 
off on a scale of llnec tons to the inch ; three tana to the inch being a scale 
tmee aa large as aii tons to the inch. 

SB, Non. Tbe nepth «r the Girder U the distamx between the 
centra of uraciiy of lite erosi seotioiis of Ike beomt, and must always be 
BXprsaed in tbe same unite of meaauremetit as the lengtb of span (!. 34). 

SS. ITarrCD RInter (single triangle), iaoweles BmclnK. Laadcd on 
One Baam OnlT— foe any case given under Momenta of Eapture, 
pp. 2 to 15. 

Booas.g— For the strain in any bay (8»— ST) of the unloaded boom,— 
Diride the moment of rupture {Mjln the fonanJE, or the ordinate in the 



* Verticals from loaded bays to oppi 
bute the load betneenbotJi the booms. 






nay be eonsidered ta distn- 
It Uint Ihe same am«iK( o/ 



r 



eptiL (es> of H 
arithmetical ^| 
ihe nnloaded ^| 



dlBgrun, fcrtbBcaee I to 33) s.t tbe opposite apex, bj ths deptiL 
the girder. Fur any bay {S4 — ST) of the loadtdbMm, take the ari ' 
mean (half the sum) of tha Btcsini in the tno oppodte baja of Che 

Web. — For the stnun on an; pair (M) of diagonals forming an apex on 
the unloaded boom, — Moltiplj the shearing farce (a Hi In the fbrmnlie, or 
ibe onUuaie in tbe di^nsm, fin- Uie case 3* to S3), developed at the apei, by 
the eeeant of the angle whioh the braes makes nith a vertical ; or iucreaae 
the shearing force (as aboTe) in the proportion of the inclined length of 
the brace to its vertical depth. Foe the counter straiiiB (93) from moring 
loads, see (leo). 

100. The CoimteT HtFsln* (B3) in prdere not oonOnnons will he giien 
hf the smaller value of the tvo shearing forces given in 43 or 4S, 
or by the ordinates (3S) to the lines (A K, K B. %. 30, or A £, E B, 
Gig. 32) in the diagrams nhich accompany those several (asei ; the values 
thus obtained being, of coorae, multiplied by the sect. (77, H«) of the 
angle between the brace and a, vertical, and subject to indeed all the other 
Btipnlationa made (under " Web ") for the itruna normal. 

101. In amttmunis girderi mA moving loadi the ooonter atrajna are 
indefinite, but may b« supposed to act equal in intensity to the valnei 
allowed for the regidar stnuns, and for some distance on either side of the 
point of minimDm shearing force * (61, £2). 

103. 'WBrrcB Girder, Isaseelea or Kolene BrHFlns, wltli llie Lo«d 
brouKiii Eqnailr upon Itoih Boomst — for any casa given nnder 
momenta of raptnre, pp. 2 to IS. 

BooMS.J— For the strain in any bay(8*— 8l) of eilher boom, — Divida 
the moment of rupture Qi^ in iJib fonaiilce, or the ordloBle in tlie diagram, fbr 
the caso 1 to 33) at the opposite apex, by the depth (98) of the girder. 

Weh For the strain ia any brace, multiply the shearing force (3H« 

in lie rormulB, or the ordinatB to Uie diBgram, for the esse 34 10 tm, developed 
at the mid-length of the brace, by the secant (ISO) of the angle nhicb the 
brace makes with a vertical ; or increase the shearing force (as above) iu 
the proportion of the inclined length of the brace to its vertical depth. 

For the counter atraina (93) from moving loads, see (lOO, lOl), 



Ties, loaded either on the top or 
bottom, or both— for any case given 
nodcr moments of rapture, pp. 2 to 




,J— For the strain in any 
bay (C D for instance) of either boom 
(S4 — ST), '-Divide the moment of 



w 



Ml 



SS) at ths opposite apex B, by the depth (SS) of the girder. Toe Mrain tn my 
bHyoflfaeQpporboom in a vholo girder (A B, fig. 40, Tdf hmmuoe,) irill beeoD^] 
CO the Btnin m Uie ba;! (G D) of IHe lower boom on the mid-epui wds of the oppo- 
tileapei; tbr the momPBt oT rapture iiiU be loken at the same point (horizoa- 
uily ODDBidEred) Tor both the b^. The bajB C E and FQaie anocceseiiiiT for 

WiB. — Simta. If the loid l>e only dq the tippir liooiii, the campresBioD 
on any itrut will equal the Bhearing force (SH>ln the formulra. or the 
ordinate in the diagiais, fOr the aae 3t to sa), deTeloped at tlie middle 
of the adjoining bay on Iht far abatmtnli tide ; * if only on the loatr, 
thentluitat ihe middle of the adjoining bay on tht jt«ar o1ii(mi(?i( aide; 
and if equally on the upper and loKer booma, then that deteleped &t tlie 
ttmt iUuM 

Tift. For the tension on any inolined tie, — Multiply the aliearing fjroe 
(94) developed at its mid-length by the secant of the angle it makes vith 
» vertical, or increase that shearing force in the pcDporlion of the lesgth oF 
the tie to llie length of a strut. 

Counter Slmim (93 — lOl). In a girder with the bracing disposed 
eimilar to that in the Ggme, a moving load, or a load covering Ices 
tban either half of the girder would produce tension in same of the 
verticals and compression in eotne of the diagonals (to estimate which see 
IM). This am be obviaied by imrodui^Ds otbor ties (u H C and H F) which «iU 
coffer tbfl teD&jon othervri&e brao^bt un the veniods. Tbeae tiea would, however^ 

neelesB vrlth a elationsr; BjmuiDtrlcal load. 



I. naireH Olnlrr nJib ncalene BmelDV. landed on one Bsom 

any case given under moment of mptnre, pp. 2 to 15. 
OKa.t— For any bay (8*— 8 J) in the unJiMrfei boom (CD, fig. 41, for 
imrtance), ^Divide the moment of rupture pj, in the formolffl, or iho ordi- 
nate in theOiagram, fortbe case T to 33) at the opposite apex(Q), by the depth 
(M) of the girder. 

The strain on any bay of the loaded boom (as E G-. fig. 41) will bear the 
Mune relatioa to the strains in the opposite bays (H C and C D) as ite apex 
does to tbdr apices horizontally considered (that is, aa the point P does to 
the points S and Q). Therefore — 

Strain in E G = Str. in H C -1- g^ (str. in C D — Btr. in H C). (See lOE). 

Wkh. — For the atrain in a lair (94) of braces forming an apei on tho 
unloaded boom, — Multiply the shearing force (s Hi in the fonuula, or tbe 
ordinate in the diagram, tbr the case 34 to Sil), developed at the middle of the 
loaded bay included between the bars, by the secants of the mpeotive 
angles which they form with a vertical ; or increase the shearing force (as 
above) in the proportion of the inclined luogth of the respective braces to 
their vertical depth. 

For the oounter stcainc (93) from moving loads, sec lOD. 



loBd nDuJd biiDg on Ihe ajdcea In queetia 



re in Teality concentifited at the tjAca 
, It .!„ 1 ^Baa onilormly dimribaU 
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I 



:. (I to33)iniiae[liiiWlye.lKiT0(Drtiniler},aaddisvmU tbeBHJDBbon- 
issthenkeletonelamtiDnloa.SSIorUiegirder. (EeeSg. 41, Inwhicb 
eut^HWed 10 be unlRirmly disliiboted (W, IS) olons the uppsi boom.) 
rticua Tight UuoiiEh die diaeram at «ob of Uis toadtd spiceB, Trtictber 
othboouu(uBit andClQ llg.ll.) If tlie linu to or trom wbicb Uie 
D l&B diKgism are enppoMd to be ukan be Darred. drair diocda u 

.„„ ^ ftt Eiie intenecUops of toe vertioalfl jdat diawn with ILat carve (aa ia 

flit. 11.) ApoIrSOUWillbeUiustonned.BndtliBstTBiDananf bavof dtheraloaded 
or nnloadM faoem will be Riren {Bl} by tba ordinate to Uiat polygon token at tbe 
oppaeltaapai. {Bee also l«a.) 

§<a tba dittonale Oie ehearing forcaa may be laken directly from Ibe diagram 
fbr the am Otto M}<lrv.wu\o a large Bca1e(3S],BubJtu:t lo Uie modifications 
Btrea nndv Web " ui the cbbbb abave. 

■M. NoM. If all the lines in tlie diagram for the momente of rapture, 
to or from which the ordinatea are directed to be taken, be itraighl, then 
the Btrain in any bay of eithrr boom, whether loaded or untoaded, may be 
foond from the ordinate taken at the oppaeita apei, by dividing the value 
o! that ordinate by tbe depth of the girder (onleea 81 be compiiad with, 
when the latter operation must, of conree, be omitted). 
107. utnlee Girder tcUhmt a eenlrai lay, and if of mors (Ian (wo 
lyilemtitftriaiiffkilhia with a complete 
xjslfln of triatigalalioa in iht half 
ri(atABCD£P<}}, hatanynvm- 
of hilenaediale aviltim loodfd 



ly be applied aUo ta 
girders (30—33). 

«, 6, 91) tor 
Liline Bketoh oT tlie 

Draw chords and tAngenls (as ahown 
fig.) at points (C E'Q') corresponding 
Lth thedivisiona made by the "prtmaiy 
be formed, one by (or including*) die 



• When(Jl)i« applied lie load bebig centrally BitoaMd the ch 
genta wiu of cooree extend only aloDB Ibe parabola C E D(ng. 16). 




I 



■ianglea." Two polygons w 



m 2EX1-0IKI<EL SS 

chorda, udUict bf (or uKlnding*) tbe tBngcsta. For tli« itnin in U7 
bij of Ihe tiBloaded boom take the ordinsle to the dreumtcribttt polygon, * 
lit the centre of the baj ; And fat &ny bay (u B H) of th« toadid bam toka 
the ordinate to tlie imcribed polygon ■ at the centre of Uie i»j. If Um ordi- 
nates repreaenE ilie mmeaU D[ nplaie (4, G. 97), dinde this nlua bj the 
dsjitb (>S) of the gitd«r. 

ytsB, — Divide the load pet unit of length (3() by the aomber of syB- 
tema of triangles {= Ote camber of Ibjb in the base of one of ihe priowy th- 
Bngles) fot a new unit of wtight, «b, ; ihof - = ni or - = ic", . Then for 
tbs itrain on nny pair (9S) of latdce ban,— Hnltiply the ihearing force 
(3 H, iq UiB fonnalK, or the onllnale in the diae™™— 94, 3S.— c4ilcnlBled or 
oooBlTncted with (he new unit »,. or u', ,) deieloped at their apex by the 
Meant of the angle they make with a rertiial, or increafe that shearing 
force in the propoitiDS of the ini^lioed length of the bar to iu vertical 
depth. 



lOS. AB7 bttlM ScBl-KlrdeF loiu 

BoOXtU — If the losd lie eoncenlnted, 1 
diagnno Ibr the momanla ot rapCnre (4, Bl 
inunedialelT sbore (or below) ihe ouiMne 
sketch of tne girder(B9). 

Trace ont the Byatem of triaugalatioD 
whieb tenninatm fairly at the eilremity 
of tie girder (lee the thick linca in the 
fig.) To the cnrve of momenli (4. 6) 
dntT chords and tangenla at poiuia 
( B', V) coneaponding to tbe diTiiiona 
made by the triangles jiut traced out 
<D, S, Eg. 411). IT HcceasBTT for the eon- 
atmcUon, the diagram may be contmoed 
into tlie iLbuImeDt. Two polygons will 
thna be formed, when, wLateTet be the 
nnmber of Eyateme of triacgaTation, — 
For the atrMn in any bay (M— tlJ) of 
the U7\ivadcd boom take the ordi: 




jttbeet . 

of tbe loadud b 






'cvfuicr^ed polygon ; atd for any bay 
the inscribed polygon, ir the ordlnalea represent 
(4, s, SI), divide tbetr value by tbe depth of the 






(:—.)■ 



id be concentrated, see 
if length (w) by the nai 
jf a primaiy [r 



). If distributed, diride 
of Byetems of trianglea 
B(*iDSE.43JfocaiicwBnit 



THen for the strain on any pair (9S) of braces forming 



n apex on the unloaded boom, — Multiply the shearing force (a Hi intho 
fonnnltB, or the ordinate in the diagram for the case, calculated or cnnatniciod 
wittalbenEuuniiici— 34, 35), developed at their apei, by the secant of the 
angle which they (each) make with a vertical, or increase ihe shearing 
force (a> above) in the proportion of the inclined length of the brace (o ila 
_ TCrUcal depth. 




I 



OALOnUIION OT ETBAIBS. 

IM. t«l<l«e-«lrd«r, if •ahole, and of more than too tyslemt of Iri- 
angla, then aot viit/tout a emtral apex on one or othtr of the boomi (ks 
fig. 44), loaded nnlfonnlT and eqaallr on bodi (be Boon! ntr an 
eaaal DlsUuico on citber ilde of tbo lUd-aiHui, ma; 1)e applisd to oon- 
tiuuDOB girdere (SO— 3U). 

BooiU. —Place the diBEiam (t, S) of Uie mDments of mptnre (I) immediately 

above (or belo«} Uie ouiIIhb BkHota (S3, W) 

Fig. 41. of the girder (oa la the Qg., wbBra the ioul 

engtb of tbe Birder). 

Where the tine tn or from which theor- 
dioates are taken ia carved, draw chorda 
to it at pointe (E' F' G' CO correapond- 
ingto the several apices (od both booma) 
of the sjatem of triaDgnlatJon which haa 
an apex at the mid spau (£ P Q C in fig. ) 
For tho strain in any bay (94—81) of 
either hoom, take the oi^iiiat« to the 
poljgDn,* thns formed, at the eentro of 
that ba;, ir the ordinsles repreeent the 
momenta of rapture (*. S, 91), divide 
their lalue b; the depth of the girder, 
it of length (tc) by ilie number of ajstems 
,0 of tbo primary 




(l-.> 



Then for 



Web. — Divide tbe load \ 
of iriangnlatiOQ {= iha hue 
triasglee,— 3 in fig. 44] for a new noit of load 
atrain in any lattice har, or pair + of bars. Multiply the 
(SHi in the formnl^ or the ordinate in the diagram for the case — 34, 3S), 
developed at ita or their mid-length, by tbe secant of the angle it or tbey 
(earfi) mate with a vertical, or increase the shearing force (as above) in 
(he proportion of the inclined length of brace to the vertical depth. 

■•BA. // there he only Two Si/slemi of Triangvlation. Then for the 
strain in any bay (M — HI) of either boom. Take tbe aiithmetioal meaii 
between the moments of rnptnre at tbe two ends of the bay (p and ;), and 
divide it by the depth of the girder. 



horde in 



Strain in any bay = 



2d 



110. CoDrvulmlcd iDods on Lattice Glrden. If a lattdee girder be 
subjected to the aodon of a concentrated load at any apex, as at D (fig. 43), 
the ayatem of trianglea upon one apex of which the load is situated 
(iLBODBFfr, &c.) should be conaideied as conatitnting the sole web of 
the glcdec— that is, aa far as the concentrated load is concerned, for there 
M alsD the distributed weight of tbe girder (61). The strains from Iheoon- 
oentraed load might ba oilcniatad as if the girder were a nsrren, and as iT llie 



I 

I 
I 






load le placed be nuule en 



n^iS^'Sasl't 






Ides fbr a staUonary i 

boom upon which Uit 

of (he prsasute upon adji 
vronld tie very indeanite. 

* If it be an application of case (81) the lines AP sjidG B (flg. 15) must be oon- 
aidered to form part of ths polygoo- 
t There will be no pairs (B5), unless [he number of systems of trlanglea be even 



N 
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aiBDEBS WITH CUBTRD OB OBLIQUB BDOJIS. 

III. Anr Carved op Obllgnr Rtial« or Beml-clrdi^p nllh b SIbsIc- 
trluwnlar Web, loaded on Our Boam.' fTbia will incloilB manrroof 

BoDua. — If altematfl braces be vertical, tben for tha ttnia in anj 
bay cf eilAf boom; if not, tben for the strala la anj tnj of tbe »n- 
iDodfci boom on/j, — Divide the moment of raptare (U, in the fomiuls, or 
thecrdimite in Uus diagram (1. t). Cor IhecsHTIoSS) St tbe oppoeite apex bf 
the length oftbe perpendicalar let faU from that apei on to tbe baj. For 
the Btrsins in tbe Inadcd bajB, when all the braces are iacliaed, tbe beet 
yn,j is b; tbe diagmm aa follawe. plow the aiagram of the momimta of 
nipiore, immeiiiawljabove(orhelow}ihe onilina Bkeieh (S3,»9|oraie Kirder. 
If tbe tiaes in tbe diagram to or from vrhicb the ordloatea are directed to 
he taken be curved, draw chorda at pointa carreapoadiug to the poil- 
tioD of the apices in tbe loadtd boom. Tben for tbe strain in any bay of 
the loadtd bonm, divide tbe value of tbe ordinate to the just'fonnetl 
polygon, taken itt the opposite apex, by the leogth of a perpendicular let 
SUl from that apex on to the bay (itl). (See IS4,) 

Web, — For any brace, first determine theebearing force (34), acting at 
tbe middle of the bay on the loaded boom, which forms part uf the same 
triangle witiitJie biaee in qneation. Next, Sad the vertical componente (M, 
81) of the iti^ni in tboie bays whiab are opposite (ides of a qoadrilateral 
figure, whose diagonal is tbe brace in qoestion. If either of these baya be 
fwt of a boom in tenson, and sloped aa a etrat (91), or part of a boom in 
oamprcsdon and sloped as a tie (81), add the vertical component of the 
(train in it (already found) to tbe shearing force first obtained. Again, if 
cillier of the two same bays be part of a boom in compression and sloped as 
t, Itrut, or part of a boom in tenuon and sloped as a tie, itiMracl its 
vertical component (already found) from the reiolt of the last operation 
(tbe addition, if any). Tbe total resulting quantity must then be multi' 
plied by the secant of the angle the brace makes with a vertical, or 
increased in the proportion of the inclined length of the brace to tbe ver- 
tical distance between its ends. If the »ign oflhi yetalt be negative (— ), 
.t abovi that the natore of tho strain on tbe brace is oppoute to that 
which it! position would have indicated according to the genornl rules (IH). 
If Ike brace be horiamtal, the elicaring facet most be disregarded, and the 
noriiontal Mmponente of tbe bays sabatitnted fur their vertical componenlB 
in tbe process detailed above. The strain in a boriiontal bay can have 
no vortica! component. 



IIS. ADTCl 






lOSllr u 



il-Klrder 



Booms.— For the strain in any bay nf either boom, — Divide the moment 
af rupture (M I in the formulie, or the orflinate in the (liaEiam (*, S) for the case 
J to 33), taken at tbe opposite apeic, by the length of a perpendicular let 
bll from that npei on to the bay. (See 161.) 

Wbb. — As in the laat case, excepting that the shearing force must be 
taken at the mid -length of a line joining the centres of the bays, which are 
two opposite Ndei of a quadrilateral whose diagonal is the brace. 



113. For Conlinuan* Gtrdcn. dnd 

foregoing methoda may bo uaed in o<mno> 
as, provided that the conditions stated 
oomplied witli. 



GIrdEF* flXPil Kt Ihe Endi. tbe 

ion w^th cases ii to 33 and M to 
n the latter and below (113a) are 



a a negative njoment of rupture »t (ar for 
ibatmenta, the giriler should be imchored down 
Ri ita eiiremiuea. loee loot notea, pp. 13 and 15.) 

114. Flilns the Point* or Innexlon or CobiIduoiib Rlrden.— The 

points of iaSexieu (Its) ma; be pructicBll; Sied at an; part of a continuous 
girder subject to a moving load, b; Beverine eilher booni at that [lart ; 

oontncL Tht MtructuTe ia (Aua reaotved into a aerici o/ indcptadent girdrrt, 
tit itraini upon ickiA can then be most readUi/ calculated. 



I 



E;(i)IPLR.— In lhca08onipanyiogGE.f<B),bvaoveriiiator really removing) IhB 
Ijaysof the opper boom oppoaiwC and D, a6 andD B b«s>me virtoallj' aemi- 

half [he toutl load on D. euBpended at tbe eitisiuity (11, 39). C Bla aimpJ; an 
Lndepandent girder eupported at boLb ends* 

IIS. T7ie pointa of iafleclion may be considered <u Jtxed in tloM eon- 
tinaona girdera, and girders fixed (or 
tied back) at the enda, whose deptbi 
vai7 aa (or nearly aa) the momenti of 
rupture. The strains in these also 
maj be calcnlated aa if the sevenl 
divisions were independent girden. 

I from tha wwera (ss in flg. *a) be msde to 
RObslraplyaaBnapenHiou chains, uieaDAins 
bo obtaineHll from ISA or IIS. 




XBV IHB COHPOSITIOS ASD KBSOLSTIOS OF FORCES. 



118. The fsUaning principles sbonld be applied to the ealeulation of tlw 
stnini on the various members of an open girdec (discontinuous) bj/ (lit) 
finding Ihe rtadiaa of Ihe tupporti from any leeigkt in Ihe girdir, and 
{2nd) tracing tkii reaelionary prenarc ihroughaut the tan'otu part*. 




n 



nippoita A and B, reapectlTelj, of the 
centre of gravit; aC a load {y 
beun. Then, 

PresBuro on A — Eeaction of A - 

FiEsanre on B = Eeaction of B ^ 

la girJere, properly so cnDed, the sup- 

rswlioD can then gal; be rertical, and this 

■ IS. ConmoaltlDB &■(■ Remlntliui of 

a e) actbg at a given point (u), be repnaen 
in direetiOD and amount b; the two adjacent aides 
(a b, a c) of a parallelogram, an cquiralent force [ 
vill bo represeoted in both direction and amoDat 
bj the diagonal (a if) of that parallelogram. 



. Let a and b equal tlie distanoci from the 



If two foicea {ab and 



I 



The CO 



< of thia 






119. If three forces, acting at a given point, be ie 
equitibriiim (balance), their directiim and aiuaont 
■will oorrespond to the three aides of a trinngk, if anj two of which be 
giien, the third may be found. Thia triangle is notbing uidib than a 6 d or 

eonrsea ma; be followed : 

The reactiona and the atraina produced bj each weight separately ma; 
be found, and the algebraical sum (ree foot note, p. 30) taken ; or, 

The reaction of the piers from the whole load nay he worlted towards 
themid-Bpao, the downward preflsureB of the seTcral weights (when thejr 
met vith). beiog compoanded with the other preiauiea during the 
' progress. See Example (lO). 

The first should be adapted when the load is Tariable— for then the 
iDBZtmDRi resulting atraina of either kind on any member may be found 
I (IM) ; the second when the load is ataUonary. 



SSASIPLB— 

Slmim in a Bent Girdtr (Eoof PritKipali.—Vlate I. 
CblcuJcUim l) thi MaataU of Suplnri (1 fo 33) and Skariig forca Q 
80 foot. The lower booi 

itely TsrUcal ood inclined. <Sbo 



AFKiahalf of abent cilrder whose cle 
ooDslatB of chorda to a curve of Bfl feet radii 
117 tout radius. The load ia considered 
sontttUj) ■■ ■ - 



iW per foot 



The 



d IhOK 



The momenta o 



1 iJie Boomi. — The ctnin In (be upper boom it comcreB«iTe 



Lnded by Uia depth of IhB girder 

baj. (Sea Plats I,) 

iaed either from the formulB 



^{1-1) «){»)}, 



rupture (M) may be o 






n be walod from tins or 



iplbt (u abore) □ 

, diagnm br the „ 

oolr; wbile for the loaded boom, 
linFtUel. BaCwherevertheai 



IS given in M apply properly to 
— ~n inscribea polygon i 



to the unloada 
eqaired (111), a 



., ! TBTticaily ui . . 

inlhepreaent inalaaoe) or over bhoae on the otber boom, it wiil be eviilont that 
the onff ordinMBa required tom the polygon will be those lakeu to ila Bjigles, 
that ia, to the very points where il ooinoidea with ilie patabala i eo Itiat iho 
palygon ia tmneoeuary. 

It will be Been tJiat by drawing the lines ot consiruotion tor the parabola, a g 
dotted in on the Diagram, Uiere ia really no necessity la draw the actoal corre. 
(See idea note to «3«, Ul.) 



inauybay = 



-X) _ Diagram Ordiiii 



'-.vw 




-1? 


^= 


■1X22-15 


XBT-B 




■7 


■ixai'a 


xW? 


sx 


fS 


■IxWx 
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SfraiTti IB the Wtb. — The valnea of the Bhearing To 



tn tha Ibrmuia for the OS 



I perpeadiciilar, let ^ Jrum B Di 



oAGproduoBd. (Bee 



k'BUfPiiio I.) eorreepondiiie to AOE (flc. 31). 



SUTi' 



I 



SDgle iJD'orUiBhHrDE, PI _, 

Cortbe b^ii DE aDitlJ; for thefonner, Djis ilis i 

I -t (Ten. conip.) ± (va 



Strain ia an; brace = \ 



n ths boy, and D i lliQ 
, comp.) I aoc ). 



El = I'S + -48 — 2-« 
DI =i-J + l-l — « 

HB = (S-OT + 3'0— B'l 
BOH DiiT. bet. ven. t 



up. cf AGanimH. 



liori£on(^ly , ^ — ^ 

= 'B7E toDH. Tbe Aom of aU ^G?e weighta on Uie girder will be 7'5 toaBi tbe oUier 
'OUnboiTig eapported direcUy by bbe two piera('2B ton on eatih, being Lalf the 



in (IMJ of eiLhei pier In 
a miui be woikeil up to 



, the loULl lona 
Dtio byt^e 



a, and t^irougb 6 draw b a parallel U 



n in A B| the tonaion in 6 B| and tbe venloal presauro of the 
ia)BlB, allofwUcharelieldtn eqnilibrigm by B C and B H. Let 
of am Um^oa (c !>} in G B and tha weight at S. Join d to a ; and 



the direciioua ofHO and HI) 



Thea < d' ii Oie aunnreaaiin 
v/jandjoin/lo a; uip/nfa 
tsaDltanb Duy be iBBOlied u 



The inerperUneed praciiiimer will find it mare eoni-enKnt aad taft to 
work bg the paralleloffraBU (lis) inalcad of Oie Irianglei offurcei, as Ihe 
uture of the resulting Btraina is more clearly ahonn by the farmer, and 
there ii alao leas liabilit; ta confuaiDO. 



• Sae HI, "Web," 



i 



Fie. 43. 


Dsert in dirBcton and smQiint UiB WrolnB in Wro tara 
other in leomon. Let Uie veRicalB b d aoil c t be drawn, 


■ 




dswiH be UiB increment ufBlraindBvaloped at a. 
When, however, the Btralne in the bars are boUi lensinn 


A vevtkal bra 


, 


bclHMn ihem iDBlead of their aimi (aa d t). 
hot 710 hurizontal contponait. 



KB, ir am load be not concvntratcd at (he apices, each apel mnit 
be coueldfred to suataiti part of the load on the two adjaeeut ba;B. If the 
load be uaifortnl}! diatribated, each apex will eoetaiii half the load on the 
two adjacent bays. For other dlstribntioDe of load, the pT'essnre or eqniraleDt 
weight on eaohopei most be determined from III. The total loads tiiUfl 
■UotCed to tlie several apicei will he called the " weights." 



190, In this diTiaion of the work — 
Let S ^ Angle made hj an; brace with a TerUcal line. Then— 



3eo. 9 = 
Tan. fl = 



Itl. BlnlBht l^iHBl-slrdeF loaded In mnr niuuier. 

Wkb. — Evfry weight (I8S) oa ihi girder ii irantmitlcd Ikrovgk tfi tnm 
i^5t£i» of lriai!jlei to the obutTotrtt. Tkt toad on any brace is eqoal to 
the Enm of all the weiglits npon its Bjstein, betaeen it and the nnsapported 
end of the girder. For the itrain on anj brace mollipljr the load on it (u 
ahoT«> by seo. 8. 

BaaHa. — By (Its), — The horizontal eomponent of the str^n in uy 
blftM = (itnin in braoe) k lin, 6. (!(•.) 



19S, — EXAMPLS. —Let tg. » 
irrefrnhir conslruPtion loaded at tli 
Is oondncted bIoqr the braces a l 



entaparallel atralght girder of otherwise 




weigU Wi.lB will ha . _ ,__, 

Ma. IT m itaiBO eqiml Ws, nb tflU equal 

mmpmBkiD in i^ b, uid m '' tbe incntncat at ft. 
Tbe load on edie equal UjWi and Wi logettaer. ^ 
ltgp = lhiBlcad,DC will egoBlttael- ' 

ai.aaipctha lonement al r. aad 
bfllne eqaal to Wi» ji/^11 equal tbi 
/lf.Bndl/aioiDcroDiBiitat/. 

Ttum(M3)ltaeletiucui(U|ini0 = 

EmJimiW)lDa/=al; thatin/c = </+ thi 
lo/i Uiatini:* = CB + M4 + Uiatmc/+Uu 

ta /o,- nod BO on. If Iha trianglas f— -' 

Hnlua ma; be obtajsod quickly uid 




rea Senal-Blnler 

Wkb. — Strain (2) in any brace = W sec. fl. 

Bou>9. — SCraio {S) in aof bajr of either bo< 

8-n Wlan. B, , . . (ISs,) 
Tfhare W=the ireiglit, and n = iiQinber of diagomili between tlie centre of 
the ba; and W. 

130, t»tral«Ii( Warrcu Sral-slFder, laoKelpa BhwIdb. loiuleil cnl- 
nirmlr on wae Boom. The weight on the sEdapei^bu:! ih^t on the 
othen (H). 

Wsa. — Strain (2) in U17 pair of diagonals fomiiDg aa apex on tlie nn- 
lo»ded boom. 

vhere id = load per unit of length, and x = nuiaber of units between 
the apex and the unHupported end of the ),-irder. 

Booms. — The atrain (S) in nnj bay of tie loaded boom, 

B = j»i(n.-l) + il»stan. B . . . (K«.) 
In any bay o[ (ha nntooded boom, 

'wyUn. e, . . . (I**,) 
vhere m = nniuber of the bay caonted from the outer end of the girder, 
and y = length of bay. 



■ GlideF, iMMMlea BrBClDK, loailed n 

Tig. 61. 



3 = W - Bett. e. 
I In uy diagonal between B and ? 



BoDHi.^ — Strain in either end bay of the longer boom = (reaction of 



41 



e^ia-nLinos o 



sapportl X Ian. B (llT, 1*8) ; and if thia value be oonsidered a unit, then 
the slmina in the bays of the longer tioora will be piMportioniil to the Beriea 
], 3, 6, 7, &e. ; and in the Eboiier boom to the series 2, 4, 6, S, ke, 
conating from the supports. Thns the etrain in tbs second bay of [he longer 
boom, from pinr B wil] eijual (3 W y tan. 9 J- 

Strajn in the bay opposite the loaded apei^ -r-j- ;—(i being the depth 
(M) of the girder. ' " 



diagon&l, 



the glrd«p, the strain (S) on on; 
e . . . (m.) 



1S3. BtFoljibt irnr 



I airdcr, fsoKClc* Br» 






WiB. — Hvery diagonal eieept the two end ones will be subject to connter 
strains (93). The maximam Btraia noiinal en any -paXr of braces fanning 
nn apei on the unloaded boom, will occur vben the load is at the inner 
(mid'ipan) end of the inclosed bay. Tbe maxiniiim counter strain on an; 
pur vill obtain vhon the weight is at the outer (near abntment) end of 
the enclosed bay, The valines can be obtained from (131). 

Boons. — The maiitanm strain on any bay (84-T) of the nnloadad boom 
is vhen the neight <W) is at the opposite apex ; and on the loaded boom 
n-hen the weight is at the nest inner apex. The valuee can be obtained 
fi-om (131). 



134. A 



ralsht 1 



bracing), n-fll 

either on one or com onoms. 

Suppose the lond coUeoted at the apicee, according to (ISG). 

Web. — 7W« /uait an aii'j bar v/Ul lie eqaal to the sum of all the weighla 

(lis) on t£> lyiiem qf irian^Ia, haaetn 

*>■ ^-- it atui tht centre of the girder. The ttrain 

on the bar will equal Uie load on it, mnlti- 

ptied by the secant of the ajigle it makes 

I with a vertical (186). 

^" " "" ■ %. repreaent half a 

boome aymmBDIOBlly 

— , reo. Then [he load on 

& a will be lialf (he wdghc (ISS) at a. that on be half Ibe weight at a, and the 

«o oni /ffwiiliste the whole wt^aW at /i > J lie whole wcIkM ot i ; e/ and it 
BooHB. — The atrains on tb« several bays will be best obUined fiain 
the weL^ by the application uf (1S3), by summing the several increments 
(commencing at the outer ends of the girder) a» follows. 



STRAIGHI GIKSEIta KITH KOTIBa L0M)3. 45 

■nisrafore, the slrain in ani) bay it tqual to the ilrain in the nejcl oitler 
haifi + yplJ'i tie increntenl at the iiUemitdiaie apex. Kale. Thli appliea 
■ico lo aemi-KirderB. 

[ I3S. Any StFalcht Wamn or Lnttlre OlrdfF (iaoecales or ecaleDS 
I liTaciiig}, Willi B DuirorailT dittrllriitFa HovIbs Luad.* 

' WiB. — The aimplest metliod of abtalniDg tbe atroiiia nnd cootiter BtraiDB 
(•3) U b; tabulating tha straina produced bjr each weight sepimtcly, 
iiBi]ig(131, " Web"|, which will hold good for other than isosceles braeisg, 
provided the sec. B (ISS) ia ooirceted for the rarjiog aualea. The co- 
effideot, set S, should not, towever, be emplo jad until after the snnimary ia 
inada. See example (130). 

Books. — T!ib atmina in the booms are greatest when tha girder is fally 
loaded, and may be moat easily obtoiced from the web by (123 and 134). 









rmoni? direction 



g, lOil. fleap. The lattice bam 



■craned BiDuIarly and equaljj'. (Thua a. 

tig. eS, coireapoiida eiactl; with ihe bsj 

intemctiitB i, and so on). Ia tba tsbk 

below, + indicBiae compteasion, and— len- 

■lon. The numbers are tbe ioadioQ the bars. For the tlraim, the loads mnat 

be mnltii^ea bj sect. *5' = !■*. Tho colunms (maiimom + ) and (manniinn— ) 

are oblsmed by adding tbo + valnea Uigether and the — valnes togeCier respeo- 

tirfll; in each borizonlal row. Thecolnmn (imiibrm load) ia tho algebraical earn 

oFtheTatnesintliehorisonLa] rows. 

Tradng the action otw,, itia aean (flum 131) that inn, flg. S3, tbareia from it 
■ load=W- = 10 X ~ = 8 tooa, esidDntlj producing teneion ( — ); and in c 

IS evidently prodDCmg njmprea- 



and fl there ia a load ^ 



(+). 


Andaoonfbrth 


oliiflrwoiithts. 








^ 


Wi 


,. 


■Wj 


,. 


"+" 


Si 


«- 
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-■ 




-• 






-.. 


-„ 


, 


+ a 




_. 




+ a 


_, 


_ , 


d 




+ i 




-a 


+ 1 


- 3 


+ 3 


' 


+ 2 




+. 


+ • 




+ . 



It win be Been from the above Table that bars e and d (and of course the b 
tension and oomproBEion. 



* Caae or a railway tn 



4S 

13T. IfOTE. — The BtraiDs in the web reanlting from the weight of ths 
girder iteelf, moel oat be e&lcnUted simnltaneauBl; and in combiDatioa 
wirti tiose reinltiiiB from the moving load. They should be oalonlalad aa 
for a stBtionarr load (either by 13*, or by lolinlating aa above, lo farm the 
eolnmn "uniform load"),* The valnei thus obtained for the aeyeral ban 
should then be algebraically added to each of the colnrons ( " maiimnm + ", 
"maximum—", and " uuiform load"); and it will be found that the 
modiBeation in the SrattiFowill be more oilvaatageone at the weight of the 
girder becomes large cotnparcd with that of the moTing load ; foe the 
coanter straine (03) will be teas, and the amonat of oooalei biseitig 
neceaaar; wilt be dimiuiehed also. 



Wbb.- 



il filpder, nllh a lond ■ 

dnced by the aeTeral we 






Or, b. By(lBt) abitractingtheDnBymmetrical parta of the load, and 
jiioceeding with the remainder by (1.14), (2nd), calcn- 
lating foe the niuymmetrical pirt by (I3H) ; and (Scd), th«n 
takiag their alget^ical aom of (I) and [2). 
BooMa.— From the wtb by (I»3). 



I3*. lAltlce Glrdcn liavInK Ibelr Dlwnnol Ban fixed toccthcr 
iH (heir InMrHcIlan may be calculated as if the bara were not so fixed ; 
for this mode of eonBtrncting a girder "can never add to the longitndinaJ 
strain upon it ; bat by calling into play the Tesiatance of Che baia to cnr- 
vatore adds to Uie Etifineaa of the hndge."i- 



40, SlmDle Trau. — Let A.B 




inclined tie and the horlzoatal. Then, — 
Compression in A B = jj" 

TeoBi'jn in A C and C B = 7^ aee. f , 

3n on C W = W, 
B W will eiiual straia along A B ; and 



AC or CB that 



B the valnea are of the grea 
._ _]D aafosb courae (which need 
imploy bolb metlioda, and to p 

" Wronglit Iron Briagoa," by J. H. lattam, M.A. 



. about Ibe very paint (Oil 

be pnnsed only in works 
■aside against me greater 



I- 141. When W ii not in the Cailre. 
Let A W = a, 

f- angle CAW, 

p' = angle CBW. 

The otLei notations aa before. 



Compnsdon along AB = W — -, 

Teneion in AC = W ~ sect, f, 
TenuDD in C6 = W — sect, f ' - 
Compression on WC = W. 
I Tor the preBEuree on Ihe Bnpports, Eoe(Ill). 



113. In both the aboie caecs, the tension on the ties and the direct 
(8J) oompresaon on AB would remain the same es at present, if instead of 
being loaded with the coneentrated weight W, a load eqnal U> (2 W) were 
spread nniforiDl; along A B. 

lU. ConpoBBil Tratt. — A Btrnctnre of ttia kind may be regarded 
as oomponnded of a numher of Biniple trnsEea (ItO). The aimpla tmes 
ACBD hasloBOBtam at its centre (C) half the enUre weight of the atruetore 
and itB load. The trugs AECF hss to euatain at E half the total load 



between A and C. AQEH must litewiee he considered na anpportlBg at 
U half the total load between A and E, and so on vith the otbera. Witb 
a uniibrmly diatribnted load on AB, AHE and the three other Bimilar 
truaeea would each Uke j ; AFC and its fellow, each J ; andADB, {of 
'^e total load. The Btrains on the Tarious purts can then be obtained from 
'M). The compreBsioa along AB ib uniform thronghont the wbole 




— horizoDtBl dist&nce of anj poial 

from tb( 
= loEul per uuit of lengtli. 



— Compression at the oi 
Compression si any other point (C) 



ily when th( 



It iiiaj, howOTET, be esfaly 



ThB Bipressioo for 0' is strictly accoi 
the oarve of eciuilLbrinra fcr the load 
need in most msea oTprecUce for arcs ai (utoibb. 

Spandhil. — If Ihe amh' bt parabolU, the only strain on the apandril 
will he the vertical pressnre of the load. (See foot note t, p. 49.) 

The spandril ma; then oonsiat of a nnmber of pillars or atrata (as in 



&g, GT), eaeh sastninmg el vertical p 



N- 



^ nearl; ; S btiug Iba 



nnmher of spaces lata «hich the pillara divide the span. 

If it conaiat of a coatinuooa veb, the cumpresaioa of it per Dnit of lesgth 
will be eqnal to lO. 

// the arch' be not a parabr^a, the strains in the apaadril luAcing 
may be obtained from SO, 81, (for eontinuoua or "plata braainj"), or III 
(for diagonal open work), the rib being considered as the " comprsBaioD 

Top HoRizoNTit MsMnns.— TTt/A a parabalia arch this member 
(DEfig. 67) simply acts aa an immediate support for the load (SI). WUh 
anarchnol a parabola, there will be a strain on it acting in the direction 
of its length, the natnre and amount of which may be determined from 
the increments at the apices of the diagonals in the apandril, hy the ftppli- 
■ n of the law in isa aa illnatrated in 131. 




Kk-M. 



Canceiie the load to be collected into weights ftt the uerttti tpliKs on the 
honzontal momberf each apvx fluitaia- 
LDg half the Icpnd on the two adjacent 
bays. The strains proiluced b; each 
weight sepacatolj must then be loaad 
sod tabakted. Ul in 139, Snppoce 
the strains from weight W (fig. BS) are 
to bo considered. At W draw the 
Tertiml W D. From the abutment 
A diaw A C D through the crown of 

the arch (C) till it intersecti the pcrpeodicnlar at D. Join D to 
B. If the weight W be resolTcd (118) in the liirectJonB A D and B D, the 
amounts and directions of the reactiani of the two abntments will be found. 
This may be readily done by producing A D to B, and erecting a perpea> 
dicular at B, Then, if E B equal the weight W, D E wUl be the reaction 
of A, and DBtlie reaction of B. If the former be traced up from A 
towards the weight, and the hitter b-om B, by the resolution of forces 
(IIB, 119] the strains on tho Tarioos parts may be thus found ; and the 
BUDS being done for the other weights in auooeaeiun, the maximum strains 
produced by any position of tho load may be deriTed Crom a table elnular to 
that on page 45. 

If the weight of the structure ba small compared with that of the rolling 
load, it will be foaod Ibat some of the end hays of the hornantal member, 
and of the middle hays in the oreh, will occasionally snffer tension. See 
also 131. 



Or arches whose stability depends upon the sUShess of the lih itself 



if the CI0S9 sections of the lib. 

14S, The Line of PreuaHs is a line ihe ordittalea to ichich tary tu 
tilt moments of Tuptwri: (I) /or tlteload.' 

The line of pressures is given at once in those diojnams (pp. 4 to 6), in 
which the ordinates for the moments of rupture are directed \o be takea 
from and on tbe same side of one horizontal line. Where this is not the 
case (as in eo or II, for insCaDce), the ordinates mutt be transferred to 

The ordinates may be taken to any scale for ready Comparison with tho 
neutral Curre of the rib. 

Ii9. Whmever in any arch ilie litie of prtiawa colneidei leilh the 
neutral surface, i?ie arch u in eqailibriamt <""' the drain ttpon it tt 
everyKhere conipriiiive, + 



xceedlnarly con- 
leap ofVyerat 
rpreesnrea can 



small portlDnB, escb collected at its ce 
then ba oblalnad by aumminff tbe ordi 
t BtiioBy speaking, lie pressure on 



nreasible material ol 

htm^itff aetion, induces etnuas similar uj uosc loanu m oeumd isue ■ 

"■■- ' 6qiillibriBtedriba|lSO,lM)igiaprBcttceaoBmBll(oven« 

pression on the nb) that it need not be rCKarded. 



Tbe BtBbllKv or no Arch Incntmble of KcilniBB Tcnilo 

long u Ibe line of preseuree does not at an; point deriate from 
tml cnrre hy an amonat, the propaition of irbich cc ibe depth of 
is gWea b7 the Talnea of q {^i^i for various forme of crosi eect' 






Bectangle 

Ellipae and Circle 

Hollow Rectaagle {area = bh — b'h') 
abo I foimed sectioQ, b' being the 
sum of the bceadtha of tbe lateral 
hollows. 

Hollow Sqoare (area = h" - h'"-) 
Hollow Ellipsa 



, / 5'7i''\ / h'h'\ 



h and V = eittmal and internal breadlliB ; and 

h and V = tbe exteroal and internal beigbta at depths. 

(* A \ 
1 + , . ^ . )■ 

A — area of each table or Sange ; 
A' = area of the connecdng neb. 
The above valnes of g Eboold be applied aa a test for tcnao 

cases of bnu«d arches, and also where the ipandril 
Tig. 6B. coDHBtB of colnmna ; for the line of preaanres ia 

then In reality a polygon, with the anglei at 
the apices on the rib. (See Gg. £9,) 

IS* A. ^Vhen an Arcbed Brldso coneista or 
Mvrml anequal Hpniu, the neutral Burhcea of I 
al! tbe ribs should be parts of the same figure — 



• Those vBloefl oTj are aom Professor Rankin e'a "Civil Engineering." 



Bummon Bucan. 



BDBIEONTAL LOAD. 

Uus CBAtm.— The eure which the mun clukins will ustim« vill b« 
TM7 nesrij > p«r»boU. 
Let IS = load on each cbiuD per niiit of length ; 
I = length or apoD ; 

r = Teniae, or depreisiaD of the chain ; 
9 = angle whicli a tangent to the chaia at any point malua with a 

boriiontal ; 
SI = horiiantal distance of anj point frcm the miil-apan. 




Tension at eeotce, T = — -, 
At any other point, 

BuEFUiDnio BoDi. — LetH = t 
titllnber of spaces into which they divide the apan, then, 

Tension on each =■ . 

(H-l> 

ToirxBS AKD CoDHTEit' CHAINS. ~-The tension on the caanter-chains, 
and the pressoreaon the toweia may be readily found na foliowa ; — Pro- 
dncB the tangent to the main-chain at the tover (C) till il« length (CD) 
on a Bcale of parte, eqnala the tension at that point {found from 
T ahoTc). Throngh D draw D E parallel to the direction of the 
coontat-chiun (C F). Produce the centre line of tha tower till it inter- 
sectaDE. Then (lis) C£ will give the preaanre on the tower, and D E 
the tenaion on the conntei-ch^. 






When a anapensiou hridge a 
' form portiona of ooi 
jua on the whole a] 



4 of seTeial spans, the cluuna of all of 
the aame parabola, 
-aa S C— wiU he the aame as in (IKS). 




IdsEtical witb ttiHe in B D, 



la llie parta A. B and B D ai'e equal. Bal where the abutment ipani 
ot equal (o half the inner aaea, tlie firat cnarJitioDB mode iu this poragisph 
t he observed, and then T ^ ( ^^ ^ eec S (155), I being still the 



'-m- 



impreesion on Uia towers -nill equal the dineonDl nl 
ies correBpond in directioa aafl length W Uie lenalonB 
Ie(asatEuieg.en. 



. — Tke cnne which eaok half of tlie chains will aaanine 
will be I. parabola with, its oiia parallel 
to the direction of the sloping rods, 

id-span, 1 - -j-^ ; where 
(tiV) in the total vertical load on 
rode ; the other nolationa as in ISG. 
Tension at an; other point, 




Tenuon at at 



y being the iliatance from the mid-span to the bottom of the doping n 
at the top of which [T* is required ; and ip the angle which a tangent to I 
chain makes with the liomentaL 
Slofidii Boos. — Tension on aaj rod, 

( = W see. ^ ; 
vhere 'W ia Uie vertical toad on the rod (half the load on the two ftdjaoent 
baja) ; and B the angle which the rods make with a vertical. 



-lay tan. ^ 



For the iowtrt, a 
158. SnaPiNsioi 
disfignremi 



Gsa WITH MovifiS LoADe are subject to moch 
or modify which aereral means have been deri 
jl girder from pier to pier, anchored down to 

tinuDuaforeacbspan, ita booma {6g. 3Sa) 
B length must be able to resist a strain 

~gj-/, and the web 'a shearing fijrce of about — ; io'bcing Iheintensitj 
of the moving load per unit of length ; I, the length of span, and d the 
depth (ts) of the girder. 



ISO. (1.) An atLciliai _ 
abnUnents. If this girder 
for about the middle half of it 




-, nDtitioDSE before (lift). While 



<-*t> 



l. TLia latter, ii 



tnbered, modifies tfas teu- 



uooal {<) Btiains prodaced b; tbe former. 

161. (3.) Imei-tirvi diagonal hTaemg between the rnadn-ii; and the 
cbaina. The etrajna on the varioos parte ma; in this case be abtaioed aa 
in 14S ; tbef will be altered in kind DI1I7, not in intedsity. 

lie ofdtains of idtMiad cnnaiMTi, placed one abofa 
IS diagonal bracing between, the greatest ahearisg force 



■.tte other, and hari 
KoB which would be 



iKj-i 



should be luiule to reeiat a strain of ( -^7 x Bee. 6 y, 9 being the angle 

t between the countet chains and a vertical. 
ICIC (S.) Inclined itraight chaira, for carrying the platform and 
■m moring load. Thay extend from the (oweis, and meet or intersect 
pMb other. They are nutained in the required etraight lines by rods, 
which are connected to cnrved chains, the latter having to carry the 
weight of the itcaight chuns onlj.' The tension on tbe latter may he 
found ft^im ISS. The tension on the straight chaina may be most readily 
found by a parallelogram of fonies (llB). 



161. AbDtmfiitB and Pier*. Girder!, properly so called, vie, those 
Btruclores which simply rest vpim the supports, bring upon those SDpports 
a vertical pressure equal to the shearing force developed there. (See last 
paragraph in 46.) 

Atiiitmenti of Arches. Thethmst at the abutments of an arch is exactly 
ei^nal to tbe oompreaaion in the arch rib at the springing, the value 0' 
which may be determined from us. 14s. 

For the lowers and pien of euspenaioa bridges, see ISI. ISA. 

Whenever the pieri of a bridge nomiit 0/ columns, their strength oi 
I WcS— their liabiiitj to flexure, &c— must nut be overlooked. (See 168.) 



(Bmbodying ProceBsesea VI, VII, p. 24.) 
113. The Hlnnslli of a HtmrtiiFe. or of any part of it, is it« ainlity 
lO Tesist the eitenml forces tending to cause its ruptore. 

• Ui. B. U. Oidieli'B vslam. 



I 



IM. Axiom. No whaU i» itroagei- than its tceaiial paii. 



rm Btrength ^M 



1«S. VbUOfhi Stivnsth. A glmctnre is e^d to be of uniform 
tihen DO one paii would jiold before anotber, sappoajng the stmctnre 
BDbjectedto the loitd, or a multiple of that load for which it vaa dnigned. 

To secure mttformily of eireigth, a. constant 
mast be used for the same muterial strained in the sa 
uf uniform strength, see 310 — SIS. 

■66. rnllB, It is neceiBuy to adopt : 

I. Unit of Strain or Stress ; generall; 1 lb. avairdnpoia. 
»■ Unit of Sactiooal Area ; geaeraily 1 snperficial inch, 
3. Oomponnded Unit of Strain and Area ; 1 lb. p«r sq. iaoh. 
Let A = area of a section in units (eq. inches). 

S = calculated stiaiu in uoita (pounds aroirdupois). 
U = ultimate strength, or breaking weight of the material — 
in lbs. per si^, inch of Becllon. (For numerical vaiuss. 



FfiinaiFAL StsAiRS t< 



I BuinsEa, Elir.i>Eii9, ko. 



1ST. Tension, eanses or tends to canse the fracture of the mateiial 
upon which it acta bf tearing asunder its particles. 

The rerMance to Tenaioa is direct]; aa the area of the cr^as aectioD of 
the malecial, lalken perpendicular to the direction of the strain (IM). 
Sx Co B 

Area necessarj to safely reaiat a strain, A = — ft — = =ra- 



SB or tends to Cause the fiulare of the mate- 
rial, by crnahing, buckling, or both combinad. 

CmsAmj. Katariala in compreBsion ("stmta") can be Conudered liable 
to cTDgliing alone, only when their least diameter (taken perpendicnltr to 
the direction of the strain) ie not more than aljont J of their nnanpported 
length, i- The reeistauce is then directly as the sectional ares.^ 






) EaFcty resist a atmin, A ^ 



3^ Co_ 



WS 



i The reaislancs to cmshln!; of n body n 

sure tat eiceedB its flimenr'- — ' — " 

equally inOaQn^Ia. 

i For iirtiuEht-lron elruCa with rlretcdjolnta, b< 



I 



in columns. When of m 



- for solid pilUrs ; oad 



Break. vL 



44-3(rf=-'-rf''' 



for holloir ejlindiical pillon, flat, ar Erml; fined at botb ends, d being 
the Biternal diamoter, and d' the iDternal diameter in inches, jmd I the 
length in /eel. CoIqiddb roonded or mOTeable at both enda hare bat } the 
stTBDgth oF those flat or filed ; and the Btrenglh of those with one end fiied 
Eat, and the other ronnded or moieable, ta abont lui arithmetical mean 



betwe 

When of less than from 25 t( 
obUuned by the abore fotTnolF 
(131) of the lame sectioaal area 



i in length, let b he the ralne 
:raahiDg laid of a short block 
]i thea tbe corrected breaking 



Qtiaml fomida for the breaking wdgJU ef Cast and Wroughi Iron 
I Calumnt. 

LetC^ compresBive reaistanu of a short block of the sanie tectional area, 

r = — = lengtii of colomn divided by tbe groBtsEt diameter. 

For ca«t-iron, B. ¥. = '^ ■■ 

For wrought iron, B. W. = .gg ".^^ ^ - 

Breaking Weigkt in bna per ejnai'e inch ofitctian. 
13,500 



Breaking Weight of timier pillari, taking Oie strength vf a cabe a 



1 


12 


. 


3S 


4S 


80 


1 


i 


k 


1 


i 


A 



yig.ea. 



I 



DIBtHIBITTIOX or 

B should be made witli a croia gecUon, whioh will 
ioBure a certain amount of rigidit; or eti&ieas, and. 
thas resist tbe teadeQc; to buckle : or the; ahanld 
be braced (either eiCernally or interiUkUy), and 
thus divided into a number of shorter leogtba, 
each of which (and, therefore, the braced Itrut as 
a whole) may be conradered as sofferiog ornahing alone. 

III. Bhoarlna: cansea, or tends tQ cauae, coatiguoua EeeUons^ of the 



tnaterial to slide 
posing that D B is part of a 
and BG part of the load), 
is directly as the area that 
Area necessaij to Eofely 



Pig. 44. oti*' (as at A B, snp- 

loaded beam, A one support, 
The reliance to sheaEing 
would be sheared. 



W3 



■rtical web ■ of continuous 



Shearing strains will he found to act on the v. 
webbed girders, and in joists geoerally, which s 

For Betiding, bending inlemilia, and (Ae raiatatKt of mai«nn(» to 
Ikem, see I, and Itll et seq, 

ITS. cocincieBtB otaatetT are numbers lepresenting the propartions of 
the ultimate etrenEth of materiaJs to the atiaina tbat can safely be brought 
ujxoi them. Coeffieieuta of nfety may be Tariously estimBl«d. The fol- 
lowiog may, however, be taken as a fair average of the factors at present in 
me where the materials employed and the workmonsliip are ordinarily 

Uetals. Timber. UasDUT. 

For a dead load . . 3 4 to 6 t 

For a live load . . G S to 10 S 

Under dtad load may be included all permaueut or stationary loads, 
and loads very gradually applied. 
Under live had, all lapidl; moving, and suddenly applied loads. 

SSSSS -""'*«■"■• 

113. The Hodnias or Eiaaiicitr (G) (in pounds per square inch aa 
given in S31) is the weight (in pounds) required to elongate or shorten, by 
an amount equal ta its original length, a bar of inaterial (of one square 
inch of cross- section), and is on the supposition that the elasticity of the 
material would remain constant thronehout the operation. 



I 

I 



114. /oijUl ihoald aheayiheatttTong atthejforttlhey sc 




in. Kl»et» lii»y fcil in BOreral different ways, depending on tbcjr 
■ffi<» in a juinl Tb« hsad may be thorn off (as at CD, Fie «£ 

EF} ; or tiie rivet may be raptored a( any Bectioa (u 
AB} wben tbe riiet is in tsnsioii. 

Let S = tbe teniiooal slniin ; tben d (diam. of rivet) 

ahonld not be less tlian i\/ff " " --eFiJ ' ^ '*'°8 Oi^ 
ultimate resistance of tbe material to tension (331) ; and G D or E F sbould 
not beUsB tiian -■ - ■ ..^ ; (ill), UbeuiEtere tbe altimatercufltaQoa 
to slieariDg (131). 
When the rivec hu to n^t a shearing strain (3) at A B, d mnib not be 



•V n^'.w "'"''""" 



ultjmate BbesriDg reiiaUnoe. 



ITI. BolM,~The diameter of a bolt liable to shearing at the ipiadle 
(as at A B, fig. 6S) mnit be determined from (IIS|. 

If tbe holt be in teneion it will fail either— Ist, by shearing off the 
thread ; 2Dd, or by shearing of the head ; Srd, or by tensional ruptore of 
the spindle. For a perfect thread the height of tbe not and of the head 
■honld be equal : but to allow for iaacciuacies of workmanship, the hdgbt 
of the nnt should be abont twice that of the head. The height of the 
nat should not be leas than tbe diameter of the spindle ; in practice it 
U frequently made mach more than this. 



1». 1 



-(Snch as in some enspension 
Ptg, S8. 



chains, triangular girdera, and tmBaes). 

Pin.— tet n = tbe least number of eeotions at 
which the pin mnst be divided before tbe joint 
can &il (1 in fig. 66), a — sectional urea of 
pin, and S the tension on the joint, tben 
° ~ 1 JlLU^'r' ^1''^ The coefficient (ID) should be 
tartre, as any ioacounciaa in the wnrkmanship wUl 
tend to conaenljal« the stnUn ia cettain porui. 

Zini. — The section of any link-head taken 
thtoBgh tbe centre of the pin-hole (A B) should 

equal about half as much again aa that taken through tha body of the link 
(as D), in consequeooD of the inequality in the distribution of the stiain. 




s tbe stnun on the joint, and D tlio altimate reaiBtance t 



P 




Rivited JoirUt in Temiaa. 



pliable Becllan of a plate with riTet bolea 
in it dsp«ndB upon the dispositian of the 
riTets. Thus, in 6g. 67, the least aeotion 
uf plate that could be talicn u that at 
A A. Bat before tbe joint can fail hera 
bj the tuptnro of (say) the npper plate 
at A A, the three riveta mark^ a a a 
most be sham. And it will be foond that 
in a joint sjranged in this way, the sSectiTe 
section will be eqoal to that taken thrtAtQh. 
the first rivet, or line of rivets, aa at B B. 



181. T/ie sectiojial area of ail Ihe rivOt in a yniit taken togOUr iliovid 
be equal la the fffedise lealoa of the ptaie. 
The diatance between the ceatces of livcts which Blaad in a line (perpeo- 

dioalar to the tension oa the joint) ahoold be made — d + -(■7864d'7iJ, 
in which n ie the number of lines of rivets aa above (5 in £g. 67) ; t, the 
Ihickness of the plate ; and d diameter of mets. 

isi. lap JoiDiH may ful, — let, from the tensiooal rnptore of the 
effective section (ISO) of the plate ; 2nd, b; the 
Fig. «B, aheariug of the rireta ; 3rd, by the shearing out 

of theoverUp9(AAAA, (ig. 6S). T/tt itraia 
on eoci rii-et = j^ ,^™j°^, 'i and they have eooh to 
be ahem at one eection onIy(iT9). The distance 
81), (ofwhich there 





Dot be le 






^^ . rtquired for the riveta in the firat tow (as at 
^Bl A). The latter may be deteimiaed from (be 
foUawing equation. 



Id which S = i«nuon oa the whole joint ; n, total number of liveli ; t, 
thickneseof plate; U, ultimate reiiatance of the plate (osheariugj Oi, a 
mitabla coeBicieat of sifcty (Itl). 
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PLATE P(. 
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VARIOUS SECTIONS OF GIRDERS. 
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1S3. Flab jolntB, — Where only one cover or 6»li-pUte u owd (as ii 
fig. 69), the CBsa ia lirtually identical with tva 
snauSBJie lap-joinlB, and am be calculated aa Fig. SO. 

inch (188). Where two coTer-platea are em- i 
plojed, it IB to be borne is rniod, that before the 
joint can tail, each riiet moat be ahom at (wo | 
Beotions, so that the section or each need be bnt 

»lialf that DeceeaaryTith a single corer-plale (lU). The thicliaeas of each 
BBver-plale must never be leaa than balf that of the mala pUtea. 
Biveltd Joinli in Cojtipretnoti. 
IW. In lap-jolnta the effective KCtional area of the plate is equal 
to the toit of section by rivet-Lolea, not cooiitiiig 
those which are behind any olhera in the Tig. 70. 

direction of the preaanre. Thus, in fig. 70, the 
eflective bearing e«cUoo of the plate ia that from 
AtoB. 

For the atearing strain (III) on each rivet 
(lie), divide the strain on the joint by the tntal 
number of rivets. A latiier large coeffiejent of 
safety (119) ehoold be used, as ' 
workmsnshjp will materially 
attain at certain points. 




ISS. Bntt JolnlB < 



a fiah-jo 



on) may be Ci 



, of the plate ; 






iS they bIiouIJ, there ia hardly any luas of strength 
o keep the main plates in their 



m equal to the total aectioi 
rivets £11 the Iioles a: 
from them. 

The cover-plates ate required simply tc 
proper poeitiona. 

188. Joints formed by tibs anil coltore may be calculated from ITB. 
It is advisable that the obliquity uf the surfaces to the direction of the 
Btrsin should not exceed 4° or 6°. 

A few cast and wrought iron joints are given in Plate II. 



1ST> A ibrm of joint having been determined, the parts at which it ia 
liable to tail must be traced ont, and sufSelent streugth be given to them, 
using (KS — III), and particularly observing (IM). 



188. Jolntu In T«dhIoi 

pesentformsof fiab-jointa. 
In Eg. 71 tbe tension 



-^Fished and scarfed Joi 



r CD; 



aptur 






{Solh of the lattei 
muat fail before the joint 
gives way by the niptare 
of the fish-piec«B.) And 
farther, the joint may fail 
by the sbsating off of Q P 
andBQ; orofFSandQT; 




r 



above it dimgardiiig the tbecring 




of the Tonr bolts shown 
71, vhich most be taken In 
in a somewhat similar vaf . 

Fig, TSrepreseDtsajointfiahedwitli 
iron plates, and alio "scarfed." Fig. 
73 shovB another form of scarGng. 

1S9. JelnU In ConttreulOM. — 

Sur&cea abutting aguust each other 
should be aa nearl; aa possible per- 
pendicular ta the direction of the 
thrust. Wbere convenient, fish pieces 
ma; be nsed [a retain the main- 
pieces in Iheir proper position ; or 

the btter may abat into cast-iron socbets suitably dsaigaed. 
On Plate II. are given eeveral forms of joints for timber stmotnr«fl, which 

can profess onl; to be snggeitive. 

1W)« BboDldcred Tenon for Altacbliis CriwB to Haln Bennu,. — ' 

The weight on the end of the cross 
b; the shoulder C, whicli is let into tl 
distance equal ta about one-siith of the depth of tbe 
former. The length of the tenon, D, ia about twioe its 



Tif. 1i. 






BEAMS OF VAaiOUS SECTIONS. 

191. For those beams, prdets, and other similar stmctures, in ivhioh 
Mrtiun parts are supposed to resist certain definite strains (aa), and other 
parts, other strains (for instance, flanged girders with Ihtn continnona wsba, 
all open-\febbed girders, trusses, &c.) see 63 to Itis. A mode of pro- 
cedure is there adopted which would not be thorooghly applicable to 
those besme in which every fibre or particle is considered la take part in 
resisting the beodiog action of the moment of rupture (I), and where the 
whole section ia liable to tho action of the sheariog force (1). 
In Daigaiitg a Beam — 
!•>. Determine the nature ofiu cross section. 

If the eiact proportions of the section are to be adhered to, 
and the area alone reqnired, — express all the dimensions c^ 
the section in terms of ddo of them, that there may be bat 
one onknown quauUty. 

Thus— sumoBo a beam to sapport a Kiven load ii 
eular. with Uis dopth twice ihe breadUi.tbQn Ic 
and! i = depth. 

If all the dimensiODi of the section, except one, bo given, that 

one will of eonrae he the nnknowu quantity. Then, — 

IS3. Snhstitate for If, in the equations given hereafter, its value ks 

foond from the span, manner of loadiog and snppoitiog, &c., pp. 2 to 15. 

The dimensiDn, or dimensions, required may then be obluned. Lastly, — 



IBt If at any 

tho Hhearing fori 
jnadB to Wie section. 
This will Belflom Iw required M other placi 




of which may be de- 



teS. The KoBtral Axli (N - A in the sections, £gs. S2Si) k a 
■eolion of the neutral sarfaoe, — a layer in the beam (and the only one) 
which is neither extended nor shortened by the aetioa of the load (4), 

19S, Provided that the limits of elasticity of the material of the beam 
3t exceeded, the neulral axil mil paia Ihrovghtlte centre of gravity of 



lie IS 



n (sao). 



i paratlel to the re 

SOg. Wherever either the upper or lower aorface 
of the beam ia not perpeiidicular to the sniXitu 
of the load, then C mnst he modified to (C cos.' B), 
9 being the inclination of the most inclined anrfaea 
to that perpendicular. 





il ailtae^oti ^- , ^-.„ ™ ,^^, _„— , ,- _- , — 

(See Bulow on Uie "BuenRth of MaterlBli," Sth edlUon.*) Asd 
' ' ~"""""lchefiinB(eBpeciaUy when coat) tba outer akui, wbloh is 












» 



icertoined, il would bg tbe avange Bcctlon M Sut, luul 
uurmLpD ujuuBuuisiwiuLiterl portioQ eepecLoJIj, from whlcE tha Btrenfftb would bo 
oetermlned. Havrever, them is evideatly a peceeaity Co emplc^ a DighBr Tftloe 
Hum Itast for tlie direct reaiEUnce i and Professor Rsnkiiie lifts Mopted a madaliu 
of mptore which 1b 18 Hinee Hib load required to Tireok abarof Icq. laehsectiaa, 
BDpponed on imo poiDta aoe foot apart, and loaded in the middle beCWMo the 
BoppcnstiSI). 



MouEiira OF Ihertu and Bisistancii of Braub 01 Tujons S 
3DJ. Beam of a solid leetangaUr eectien. 




SOS. Beam of a bollow ncUngular i 
Fig. 77. 




ice. Beam cf a Bulid ciccolai section. 




* Edited tiy W. Hnmber. Loudon : Lockwood & Co. 



^M «T. Bewn of » hollo* cirealarioclioD 

^m I = -786* (r* - r"). 
^1 jj ■7S5tC(r«-0 

H I«. Beam of a solid elliptiod uetioD. 

^h I = -TSSl & d\ 
^^ B - -TSH C i # = IL 

^FmrBesm of > bellow eUEptietd seetio 
^L 1= ■7SSl(bd'-A'c2'^. 

^■^ no. Beam wilh odo flange. 

^1 1 = i 1 & (13 + t' li'S - (!.' - 

1 


BD BMIBTABOB 

M. 

b)d"'\- 


riB.J9. 

B 




Fig, BO. 
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Fig.Bl. 
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Fig. Si. 
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, Beam »ith twa equal flanges. 
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s#-»*. 1 


E^^l 


" 1 


■ 


P C (S ,?' - y d') 
6rf 


S13, Beam with tvo QDeqaal flange.?. 


ms-B*. 
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I = j j i d" - (i - 1) (d - e)' + i i 


H 


B = ^^ = M. 



id Iho HDBieiiU of IneFlIn nnil ne»l<lanee or aiir 

made op of a noinberof iiiu[jle figurea. 

meat oF iaettli of each of the eimple figateB about an aiia 

leatre of gtsvitf parallel U> the neutral axis of the camptei 



I 



Add all the results togetlier for the e 



it of inertja of the whole 



Let t, — moment of inertia of one of the simple figures abaat its own 
DBQtral axis ; A its area ; ii the distance from its centre of gravity to 
that of the whole section («»•) ; and I, moment of inertia of the whole 
section ; then, 

! = (!, + v' A) + ke. 



Moment oE te 



C I 



(WI.) 



Momenta of in 
Moments of re 
Rtrengtha 
Deflections 



Rcitstonce, Ultlmala Strenvtt, 

the 4th power ) 
the 3rd power [ of their linear 
the 2nd power i dimeuBloui. 
the lot power } 



f BHOTiHOnUR SSOTtOB AKD OF UtltViJBll StEMOTH (I8S), 
F ig. S5.— ElHT 




e ii«:eutU7 to muat iLe 



219. How to cn( Ibe, (1.) §traiisDit and, (2.) SlUTiuI Bcclaacaliu 
neam Ovid a. rrllndrlcal Lob. 

Let tfae accDuipaufinc figs. 93, 94 repreBeot seetioaa of the log. 
Tig. 83. PiB. H. 








Draw ft diameter. For the beam vlioee Hltimate strength will b« the 
greateet, tmecC the diameter. For the beam vhich will deflect the Inst, 
(Itride tlie dinmetec inta four equal ■puna. 

Draw perpeodiiMiIara to the diameter as shown, and their intersection 
kitb the circumference will determine the inscribed rectangle^ which is 
■rhe section of the required beam. 

210. To Dmd the Centre of Gravilr (190) or nnr BecHnn. 

Let a, a', a", Ac, reitrteent the Bectional area of the several elemen- 
tary parts into which tbe section may be decomposed ; g, g", jr", kn,, the 
known dietancea of their respective centres of gravity from any fixed axis — 
say the tower edge of the bEam — and S, the distance from tbe latter to 
the centra of gravity of the latal eectinn ; then, 

_ nff + a' (]' + a'W + *«■ 
o + o' + o" + &c ■ 



. DoOf ctlon is the " displacement of any point of a loaded beam 
IB poiiitiun when the beam is unloaded." 

. CanibcF ia an npward cnrvatnrt^, similar and equal to tlie matl- 
akalatcd dedection, given to a beam or girder or aome line in it^ in 
lo enaare its hoiiiontality when fully loaded, 

GIEDEES nilDStl 0BO9S EBdTIOKa ARS UNIVOEU ADD EQUAL 

fral cases arc given with the 



9S1. Olrder niDpanea at bo 

Let D ~ central dcflcetioii. 
d ^ central depth. 
I — length of 



of the eitenaion of One flange or boom, and tbs ihort- 
ening of the other by tbe strains upon them. 




oaitiBOom eiBDiBs. 



length of boom ; tben k = ±~ 

Gngtli of boom after tie St 
similarly for the other boom, tbea I: + if = 
Ungtb and section, then K = (2 A). 

Leii d = depth at mpport 7 tlie ntber notationa aa beFare. 
The deflection M the naaupported eitremitj-, -^ 

K I 

2d 
GIrden. and Cllrden Bieit at One or Boili End) 



(!1— 33), 

When Knj;whola apan ia anaJvaed it wil 
U> a whole Birder aqppoTtod at uia ends, ai 

r9»3— S) Dmybeapi^Bd, 

'"""^ Jo(A 



ned. Ttins- 



Fig, 85, 



I 



For a girder (as A B) Jiixd a 
ends (94— 1!«), the defleotion 01 tno 
Bemi-beaniB A Cand D B at C and D (11 
or e»B), added lo the deflection of C D 
betow ita endi, as obtained fiom {13, 
IS, or Hi*), will be the tolal maiimnm deflectioD of E below A. B. 

Again, for eontinuDiu girdert viil/i moiiag loada (33, 33), llie m 
drfitctiim at the middle of a span (B C, Sg. £5) will oeeuT limidtaiteoutty 
srilh the nuun'mumpoiifire moment of rupture (M„ page 14), at which time 
the points of coatrar; fleiare will be at M, U, (Sg. 25), whose poettioas 
ma; be determined either from the diagram, or formole. In the outer 
ipani of contintioui gtrders, and in girder) fixed alone end and lupporled 
only al Ike olker, the deflection at the middle oF the part corresponding to 
* whole girder simply sapporled (eee 38, 29), mnj be fonad b; adding the 
eentral deflection of the latter as snch (19, 334) to half the deflection of 
the remaLuing (semi-beam) portion (11 or 335). 



BREAKINQ AKD SAFE LOADS FOE BRTDGES, QIEDEUS, ETC. 

S3T. In the whole of the foregoing pages it ia Eopposed that the span, 
load, and other data as far as noceEsary are given, in order to find the 
inlting utrains, and the quantity of material to resist them. 



For tei^iani^ area rff material, rahiiilide an cpiivalenl strain, brealdng 
or safe accarding aa breaking or aafe load ia required. 



Tken tuceiiain the load lltat vmuld pmditce that ilraiTi, sad that will 
be ths load required. 

Jtcmtmbaini/ Ihat if tli tlrvdart be not of nnifarm, lirength, (Se 
ttrei^ oftht Ktakctt part determines the slraiglh of the whole (!«*). 

Mfl. SunrLt I,— What Inaa, at the cent™ nf a wronght-lron, Binfla-wBbbed 
or plBla tcitier of anifona atrength (IMX and of tliE fdllowine dimensionB, iTonJd 
cause [be Foptiin of Iha nxtiBf.—Leaifiii ol epao, 20 ft. ; cenlnl deplJi (SI. ISli 
l'6ft.i affecSvo »HiHiQn (IIMI) of Um lower Hauire at the centre, i aq. in, j iron of 
BverafteqnaUlyBSI). 

Aa ^B girder ia of nniform strength, it 



ac vibBt pait is oocudeieCt, (or 



Duld ba obtained. 
itC^e^ nange vW be In tenaian [6EE — 17. 
Ditiniato atrengtb of ayerBga wiooght iron iilale (SM), M,0OQ lbs. pet eq. in, 

4 X C5,000 = 2SO.00O = breaMnfc atrength oflower Ilajige. 
Then from (18 and 6;)Blniinoa lower flBnge —•7-1 = 220,000 lb, = r ] 

Tberefore W = — ' ^ -" — = flfl.OOO lb. = 2S* tona. 












fe (ITt) load nnifoimly diatrtbnted 



LenRth of beam = a fl. = 73 in 
Bresdtb „ =6 in. 
DepUi „ ^ a in, 

TakingoofltHWlMS; 0{»OS)aaIO.OOO. , . . ((31.) 
M ^ B. , . , (I, IW.I 
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toaedniateUiBeoinprtBaivo rasisiance oTihortWodaofwroaght 

roirg of nvelB (IBI). Soma of eqiial section to Uie plUeslakaD 
ofrivew,— FtomnuniBroiUBiperimonUli-" '^'-»-'— 
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I. (Pl»tflin.,fig. 1,) By 



x[li). 



rrCBD} 



Through D draw D E panlld and equal to A C. The ordinatei or 
o&«ts from anj points in D S to the parabala wUl be proportional to th* 
■qnares of the diftitDces of thoae poiata from D. Thua, if the ordinale >l a 
he 1, then the ordinate at b, laicc the diBtoaca of <e (rom D, miut be i ; 
that at e, three timea the iliatance, maat be 9 ; and ao dd. To proceed 
practieallf : X>ivide £ D into a nnmher of equal parts (n) as at a, ft, ^ tsc, 
6g. 1 ; then if £ A be i^iiided into (n') pirta, each of these porta will M 
the required unit, 1 of which is the offaet at a, 1 at ft, 9 at e, and ao OD. 
Througii the points a' h' d, &c., thns determined, tlie required onne can 
be drawn. 



II. [Plato III., fig. 2.) Bt OKuiKAiKs muu tue base. 

Divide the ba^e (half of vlich ia representfld bj A C) into an ergn 
number of equal parts ; t}ien if the height or ordinate at centre D G eoire- 
apond to the square of half the number of tboae porta (S k 8 = 61}, the 

' The tenne height (or ordiuate at cenm) and haee have been lual 

parabola might appear in a more aimplo light than perhapi it olhorwiae wn^ 
bare done. Any beiglit cui be adopted for the puiabola ; oourauianea &s 
EcaliQE olT the momeniH (S), &:.> being alone studied. 
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ordinate at any other point (d for instance) will be represented by the 
prodnct of the numbers of parts in the two segments into which d divides 
the base (4 x 12 = 48). The parabola may then be drawn through the 
extremiUes of the ordinates. 

III. (Plate III., fig. 8.) Br thb ookstbuotion o? a diagbax. 
Draw D £ parallel and equal to A C ; divide D B and £ A similarly ; 

the end £ of £ A corresponding to the end D of £ D. Through a, b, &c., 
in £ D, draw a a, bb, &c., parallel to D G. Join D to the several points 
a' b\ &c., in £ A. The parabola will pass through the intersection of a a 
with Da!,bb with D b', &c. 

Note. If this mode of construction be adopted when the ordinates are 
required at certain points only (and this will generally be the case iu 
practice), the actual curve need not be drawn, after the points it paeecM 
through have been determined, 

IV. (Plate III., fig. 4.) Br thb oonstruotion of a diaorax. 

On the base A B describe an isosceles triangle, whose height C £ is 
double that of the required parabola. Divide the two sides A £, £ B of 
the triangle into an even number of equal parts, and draw lines as in the 
figure. These lines will be tangents to the parabola, which may therefore 
be readily drawn. 

V. (Plate III., fig. 5.) Bt me aits of a stbing. 

Draw £ D equal and parallel to A C. Join C to F at the bisection of 
B D. Make G F G a right angle. Let F Q intersect the production of 
C D. Blake D K * = D G, parallel to F D ; H H is a " straight- edge," 
against which slides the " set-square *' S. A piece of thread or fine string 
equal in length to the distance A E is fixed, one end at E and the other 
at the point M, in the set square which will traverse the base A G as 
the set square slides along. A pencil, P, by which the string is kept 
tight, and close to the edge of the set square, will describe a true 
parabola. 

To DBAW A tangent TO A PARABOLA AT ANT POINT P. (Plate III., fig. 6.) 

Draw P perpendicular to the axis £ C. Make D £ = D 0. Join 
E to P, and P £ will be the required tangent. 



K is the " focus " of the parabola. G G' the directrix. 
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Surveying and levelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskdli., CE 
Numerous folding Plates. In i Vol., demy Svo, \i. 5^., cl. boards. 

,arge Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
By J. H, Watson Buck, M. Insl. C.E., iSc. lUustraled with Fold- 
ing Plates, Royal Svo, in. cloth, 

ion of Iho iBinplalai, Will be foudd of cofnidtrable use. Wc commeml the book to 






& WORKS IN ENGINEERING, SURVEYING, ETC., 

Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 

Levelling, Setting-out and in Route Surveys of Travellers by Land 

and Sea. With Tables, Illustrations, and Records. By Lowis 

D'A. Jackson, A.-M. I.C. E. Author of ** Hydraulic Manual and 

Statistics," &c. Large crown 8vo, I2j. 6^., cloth. 

" Mr. Jackson has had much and varied experience in field work and some know* 

ledge of bookmaking, and he has utilised both these acquirements with a very useful 

result. The volume covers the ground it occupies svrf thoroughly." — Engineerings. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc M. Inst C.E. Second Edition, 
Revised and Enlarged. 3^. 6</., cloth boards. 
"This book contains all that such a treatise can be expected to contain, and is 
sound and trustworthy in every particular." — Bttilder. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards, C.E. i2mo, 51. cloth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. 41. (td. doth. 

Coal and Speed Tables. 

POCKET IJOOK OF COAL AND SPEED TABLES : for 
Engineers and Steam-TT.sers. V>y Nki.son Folky, Author of 
*' Boiler Constrnciion." \Nearly ready. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A. I. C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel — Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, M. Inst. C.E. Second Edition. 41. cloth. 
'' Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer, 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, M. Inst. C.E. Second Edit., revised. i2mo, 5j. cloth. 
*' A book which every borouzb surveyor and engineer mtist possess, and of cmisi- 
ilerable service to architects, boilders, and property owtaers."— ^wii&wcf Snot, 
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Locoinotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com. 
prising an Historical Sketcli and Description of the Locomolive 
Engine. By G. D. DsMPSEif, C.E. Willi laree additions treat- 
ing of the MoPEKN Locomotive, by D. Rikneak Clark, 
M.Inst. C.E. With IllusiratLons. izmo. 31, 6c2,, doth boards. 
\KA.'—ImH and Coal TradaBnieS"' ^'"P'"* '* " ^ ' '""^ 

Field-Book for Engineers, 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Uaskoll, C,E. 
Consisting of a Seriea of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveyingand Plotting 
the Work with minute accuracy by means of StraighlEdge and Set 
Sqnareonlyi Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Selling out Carves with the Theadolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the 
Instrament ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets; and Earth- 
work Tables to So feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts, 41h Edition, enlarged. Cr. 8vo. iw. doth. 
"The book i> very handy, ind Ihe author- '- " .... .^ - .^ •-•.- 



Earthwork, Measurement and Calculation of. 

\ A MANUAL on EARTHWORK. By Alex. J. S. Ghaham, 

1 C.E. With numerous Diagrams. l8mo, it, W. doth. 

^ " As a really Ivndy book for reference, we Imow of no work equal to it ; aod [he 
mUway eneineei^ and otliers employed in the nicnburemciii and caloulaLJOD of orLfi- 
work wiU fijid a great amount of practical mfgrmatiop very adm^nibly anvniEed, stud 
availablfl for gcnciai or rough catimaLcs, as well ab for the mors exact t;alcidat)oii9 
rcqiuTBd m tho cngineerG^ coatractor's olEcu." — ArHtat. 

Dravdng for Engineers. 

THE WORKMAN'S MANUAL OF ENGINEERING 

[ DRAWING. By John Maxton, Instiuciot in Engineering 

I Drawing, Royal Naval Collie, Greenwich, formerly of R. S. N, A., 

South Kensington. Fifth Edition, carefully revised. With upwards 

of 3<X) Plates and Diagrams. IJmo, cloth, strongly hound, ^s. 

■■ A copy ofil should be kepi for fcfctence in ev«y drawing a!f<ce."—£ighiitriMg. 

Weale^s Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
I BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHAEOLOGY, the FINE ARTS, &.C. By John Weale. 
' Fifth Edilion, revised by Robert Hunt, F.R. S., Keeper of Mining 

Records, Editor of " Ure's Dictionary of Arts." larao, 6j. d. bds. 
■ .ry in the language. "- " ' "' 
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MINING, METALIURGY, ETC. 
Melalliferous Mining. 

.BRITISH MINING. A Trtalise on the Hislory, Discover)-, 
I'ractical Development, and Futnre Prospecls of MetallifcroHS 
Mines in Ihe United Kingdom. Ey Robert Huni', F.U.S., 
Keeper of Mining Records ; EdiLor of " Ure's DicLionary gf Arts, 
Manaractures, and Mines," &c XJpnards of 950 pag^ •*!\'\i 330 
Uluslralions. Super royal 8vo. ^ 31. cloth. \'fiisl pabliskeii. 

appea™ lilinly to convey inott iiwiniclion upon Ihc suhjecl Ilum any work tulhrrio 
publkbrd."— A'lHiK^ jom-"iil. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : compriaing a Description oftlie Coal Fields, and of 
the Principil Seams of Coal, wilh returns of their Ptodnce and its 
Dislribntion, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Vatiely ; and a Hi^loiy of the Rise and Progress of Pig Iron 
Manufaclure since the year 1740, cshil.iliiig the economies intro- 
duced in l!ie Dl;i5l ruriiaces for its Fro<luolioii and Improvement. 
By RlcltABD MeAiie, Assistant Keeper of Mining Records. Wilh 
Maps of tliE Coal rields and Ironstone Deposits of the United 
Kingdom. 8vo., ;f 1 &s. clolh. 

Metalliferous Minerals and Minifig. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. ByD. C. Davies, F.G.S. With Numerous Wood 
Engravings. Second Edition, revised. Cr. 8vo, tzj'. 61/. doth. 
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uid LBKlligibly."— j1/i«w«- y™™-!/. 

Earthy Minerals and Mining. 

EARTHY AND OTHER MINERALS, AND MINING. 
ByD. C. Davies, F.G.S, UniJoini yith, and forming 1 cotn- 
panion volume to, the same Author's " MetatUferoiiB Minerals and 
Mining." With numerous Illustrations. \Nearly ready. 

SlaU and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING. 
Scientific, Practical, and CommerciaL By D. C. Davies, F.G.S. 
Illustrated. Second Edition, revised. 31. 6f/. cloth. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON: con- 
laining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of lion Ores, Processes of Manulaclure of 
Iron and Steel, &c. By II. Bauerman, F.G.S. Fifth Edition, 
Revised and Enlarged. Illustrated. 5^. &/., cloth. 
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^^M Mining, Surv^'ing and Valuing. 

^^1 THE MINERAL SURVEYOR AND VALUER'S COM- 

^^H PLETE GUIDE, comprising a Treatise on ImproTed Mining 

^^^H Snrveying, with new Traverse Tables ; and Descriptions of Im- 

^^^^ proved Insmimenls ; also an Exposition of the Correct PiindpleE 

^^^H of Laying out and Valuing Home and Foreign Iron and Coal 

^^^P Minei'al Properties. By William Lintbhn, Minbg and Civil 

Engineer. With foui Plates of Diagrams, Plans, &c l2mo, 41. doth. 
*," Also, bound with TlIOMiN's Taules, ;j. td, (.See page 20 ) 

Coal and Coal Mining. 

COAL AND COAL MINING. By Warington W. Sm\-th. 
M.A., F.R.S., Stc., Chief Inspector of the Mines of the Cro«ii. 
Fifth edition, revised. 4J. cloth. 
'" "' ' the volume appears to have been prepared with much cate, and 
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Underground Pumping Machinery. 

MINE DRAINAGE ; being v. Complete and Practical Treatise 
t>D Direct-Acting Underground Sleani Pumpiiig Machinery, with 
a Desciiption of a large tmmber of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell. 8vo, 151. doth. 

Manjial of Mining Tools. 

MINING TOOLS. By W. Morgans. Text, i2mo, 3.'. Atlas 
of 235 Illustration!:, ^to, 6j. Together, gs. cloth. 



NAVAL ARCHITEC TURE, NAVIGATION, ETC. 
Pocket Book for Naval Architects^ Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULA, RULES, AND TABLES 
AND MARINE ENGINEER'S AMD SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Tnst. 
N. A., Naval Draughtsman. Second Edition, revised, Willi 
numerous Diagrams. Fcap., iw. W., strongly bound in leather. 
■' Shoiild be used by all who areeng^ed in the copi&tructioii or de^iga of vessels.' 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MUL^ FOR MARINE ENGINEERS. By Fkank Proctor, 
A.I.N.A. Third Edition. Royal 32mo, leather, gilt edges, 4^. 

" A ni»t UHful compuion u> all DiirLne cnEineen.'-— C/ni'ud J'lmin Gaaisi. 

" Scuc«ly anything required by a naval engineer appeaii to have been for- 



Grantham s Iron Ship- Building, 

ON IRON SHlP-BUlLDlNGi with Practical Examples and 
Details. By John Grantham, M. Inst. C.E., &c Fiftli Edition. 
40 PJatcs. Imp. .(.to, bis., uilli s^parale Text, it. 21. complete. 

Light-Hottses, 

EUROPEAN LIGHT-HOUSE SYSTEMS; being a Rqwrt of 
a Tour of Inspection made in 1873. By Major Gecrce H, 
Elliot, Corps of Etvgineera, U.S.A. lUuslraied by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, au. cloth. 

Storms. 

STORMS ; their Naliu^, Classifi cation, and Laws, with the 
Weans of Predicting them by their Embodiments, tlie Clouds. 
ISf William Blasius. Crown 8vo, loi. (xi. clolh boards. 

Rudimentary Navigation, 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By Jambs Greenwood, B.A, New and enlarged edition. 
By W, H. RossER. l2mo, Jt. cloth boards. 

Mathematical and Nautical Tables. 

IVIATHEMATICALTABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is preSxed a Treatise on 
LogarithmB. By Henry Law, C.E. Together with a Series of 
Tables for NsTigation and Nautical Astronomy. By Professor 
J. R. Yot;NG. New Edition, tzmo, 4^. doth boards. 

Navigation [Practical), with Tables. 

PRACTICAL NAVIGATION: consisting of the .Sailor's Sea- 
Booli, by James Greenwood and W. H, Rosser ; logether 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henky Law, C.E., and Professor 
J. R. Young. Illustrated. lamo, 71. strongly half.bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The fillmuiiig books in Naval Archilecture, tit., arcpnblish. 
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NAVIGATION a.nd NAUTICAL ASTRONOMY IN THEORY 

AND PRACTICE. By Professor J. K. Youko. New Edition, 

Including the Requisite Elements from the Nautical Almanac for 

Working the Problems, izma, zf. (td. cloth. 
MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipptno, N.A. Fifteenth Edition. lamo, 2j. fid. cloth. 
SAILS AND SAIL-MAKMG. Tenth EdiUon, enlarged. By 

RoBEBT KtFMNG, N.A. Illustrated. l2mo, 3J. clolh boards. 
NAVAL ARCHITECTURE, By James Peake. Fifth Edition, 

with Plates and Dingrams. I2mo, 4J-. cloth boanJs. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

MUKKAY, C.E. Eighth Edition. [/n/re/aialitu, 



ARCHITECTURE, BUILDING, ETC. 
Construclioii. ^* — 

THE SCIENCE of BUILDING t An ElementBry Treidse on 
Ihe Principles of Constraction. By E. WvNDHAM Tarn, M.A, 

Second £i.lilioii, reviised, with 5S Ejigtavingf. piice -ji. 6J, 

" A very loluable book, whicrh we ttroneLy redonunenil lo alt atudqiti." — BuiUf*. 
" No uchitcctural uudait ihould be witnoul LhU h^nd-baoV."^Ar£Ai/ir.-t, 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
including Church Restoration. By Sir Edmund Bkckbtt, 
Bart., LL.D., Q.C., F.R.A.S. lamo, 51. cloth Ijoanls, 
" A book which » ^vayi amiuing ai^<l mxAy ilwiyi iniminivi. We an ahle 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE; being a 
Series of Designs for Villa Residences in various Styles. With 
Outline SpecihcatioDS and Estimates. By C. WiCKES, Architect. 
30 Plates, 4to, half morocco, gilt edges, it. is, 
•," An Enlarged Edition, with 61 Plalcs. a/, zs. half motDCCu. 

VUseful Text- Book for Architects. 

' THE ARCHITECT'S GUIDE: A Text-book for Architects, 
Clerks of Works, && By F. Rogers. Cr. Svo, bs. 

I The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. Wighiwick. 

New Edition. By G. H. Guillaume, i2mo, cloth, 41, 
'Will be fctuDd on HLZDuiaitian la piL^ila, and a copy ought u> be conudercd u 
«B*aTy a purchase ai4 bon <AmiVMaKa\.i''—AT\Jiitet:t, 

\J)rawing for Builders and Students. 

* PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By GeoEGB Pvnb. ^Vilh 14 Plates, 410, 71. dd. boards. 

\. Boiler and Factory Chimneys. 

■ BOILER AND FACTORY CHIMNEYS ; their Draught power 
and Stability, wilha chapter on Lightning Conductors. Bv Robert 
Wilson, C.E. Crown Svo, 31. 6/. cloth. 

\B»ildet^s and Contractor's Price Book. 

LOCKWOOD &, CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, &c. Revised by F. T, W. Mu.leb, 
A,R,I.B.A. Half-bound, +r. 

St07ic-ix)orking Machinery. 

STONE-WOKKING MACHINERY, and the Rapid and Eco. 
iiomical Coitversion of Stotte. With Hints on the Arrangement 
and Manngcmenl of. Stone Works. ByM. PowisBai.b, M.l.M.K 
A.M,I.C.B. {Nmd}- i-raJy. 



H WORKS IN ARCHITECTURE, BUILDING, ETC., 

Taylor and Cresy's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esi]., F.S.A., and Edwajid Cresy. Esq. 
New Edilion, Edited hy the Rev. Alexander Taylor, M.A. (son 
of the late G. L. Taylor, Esq.) This is llie only book which gives 
on a large scale, nnd with the precision of architectural n " 



*«' Originally published in two volumes, folio, at iS^ iSj. 

Viti'uviui Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Numerous Fktes. l2ino, doth limp, 51. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prisinE VITRUVIUS, translated by Joseph Gwilt. F.S.A.. 
Sie., with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen; lamo, 6:., half-bound. 
".• Th^ only edition of VITRUVIUS procurabtt at a modcratl prki. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com. 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES, By T. Tai-Sot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Gasbett. 
Numerons illustnttlonE, i2tno, £f. half-bound. 

Civil Architecture. 

THE DECORATIVE PART of CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Illustrations, Notes, 
sndan Examination of Grecian Arcliileclure. By Joseph Gwii.t, . 
F.S.A. Edited by W. H. LiEta. 66 Plates, 410, su. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING ! a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
ByELLis A. Davidson. Third Edition, Revibed. isnio, 61, cloth. 

Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House- drain age, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Fourth Edition, Revised, with 330 illastr^ions. lamo. 4r. doth. 

yoints used in Building, Engineering., &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 
construction of various kinds of Engineering and Arcliitectural 
works, with especial reference to those wrought by artificers in 
erecting and finisliing Habitable Structures. ^fW. J. Chbistv, 
Architeet. With 160 Illustrations, iimo, 3^, bJ. doth board*. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Praclical 
CJuiile to the Areliilect, Engineer, Surveyor, and Builder, in drawing 
up .Speciliciliotis and Contracls fot Works and Constructions, 
Illustrated by Precedents of Buildings actually eiecuted by eminent 
Architects and Enmneers, By Professor Thomas L. Domald- 
SON, BI.LB.A. New Edition, in One large volume, Bvo, with 
upwards of looo pagei of text, and 33 Plates, cloth, \l. 1 Ii, &/. 
n this Miotlt fony-fojr spcdticalioiis ofex«uicd ■wlci are given. , . , tltnlld- 
>iiu > Handlxjok af Sped£gaiiaiu must be bouElii by all iir±ittBas.'~BitUdrr, 

Specificaiions for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 
A Guide to the Architect, En^neer, Surveyor, and Builder; with 
an Es!>ay on the Structure and Science of Modem Buildings. By 
Frsdsrick KoGBRa, Architect. Svo, 15/. cloth, 
'a' A volume of specilicniionsQf a prBCiIcalduuacLcrbeing^eally required, aihl die 
old nandard work of Alficd Baithol^mew beiDEOUtorpiiul, tbeautbor, ontbe Liaia 

Designing, Measuring^ and Valuing. 

THE STUDENTS GUIDE to the PRACTICE ot MEA- 
SURINGand VALUING ARTIFICERS' WORKS; conlaicing 
Directions lor taking Dimensions, Abstracting thesame, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Vaiaotion of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Fainter and Glazier, Paperhanger, &c With S Plales and 63 Wood- 
cuts. Originally edited by EDWARD DoBSON, Architeci. Firtli 
Edition, Revised, witli considerable Additions on Mensumlion and 
Construction, and a new cbaptec on Dilapidation f;. Repairs, and 
Contracts. By E, Wvndham Tarn, M, A. gj. lynslpublishcJ. 

Beaton! s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 

TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work. By A. C. Beaton. Second Edition. 
Waistcoat-pocket size. ir. &f. 

I Beatofi s Builders' and Surveyor^ Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: coniaining an Expla- 
nation of the Terms ased in Building Construi;tion, Directions for 
MeasnringWork,U5ciulMcmoianda,&c. By A, C, Beaton, ts.td. 

\The Hottse-Owner's Estimator. 

THE HOUSE-OWNER'S ESTIMATOR; or. What will it 
Cost to Build, Alter, or Repair? A Price-Book for Unprofes- 
sional People, Architectural Surveyors, Builders, kc. By the late 
James D. Simon. Edited by F. T, W. Millbh, A.R.LB.A, 
Third Eilitioi^ Revised. Crown Svo, 31. 6i£,_cloth. 
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MECH ANICS , ETC. 
Engineer's Reference Book. 

THE WORKS MANAGERS' HANDUOOK. Fur Kinjiiieers, 
MUlwr^lils, aiid Boiler Makers ; Ton! Makers, Machinists, and 
Melal Workers; Iron and Brassfounders, itc fly W. H. HUITOS, 
Civit nnd Meclumicnl Engineer. Medium 8vo, about 400 patjes, 
price IZJ. 6/., si rongly bound. {l,tprejiaratign. 

Mechanics Workshop Companion. 

THE OPERATIVi; MECHANICS WORKSHOP COM- 
PANION", and TIU'l SCIENTIFIC GENTLEMAN'S PKAC- 
TIC.M. \-i>l- I ■> \ |-. liy W. Tbmpleton. IJih Edit., wilh 
Mcl' ' OiiErative Smithi, Millwrights, Eiigmeer«, 

&c. : ['.ibic of Powersaod Roots, i2ino,5i. bouad. 

incuts- "I'i'i ■ ."r, -Iswe"^!^ Sy; i,nd Ihc.e are a Rreal many 

■ ■ . IT ,iM i,i \ik lu thfalink »ork.'-i'wyj/B4-A'™i. 

'■ •.'^uliinist's Assistant. 

Ml LLWRIGHT'S, and M ACHINIST'S 
l'K.\i II' .1 .\~. :irANTi comprlaingaColIecllDD of Usefal 
Tables, Kulcs, anil Data. By Wm. Tkmpi.RTON. iSraO, 2J. W. 

Smith's Tables for Mechanics, &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, &c. Selected and a-ranged by Francis Smith. 
Z40 pp. Waistcoat-pocket size, u. (td., limp lealhtir. 

Turning. 

LATHE- WORK : a Practical Treatise on the Tools, Appliances, 
and Pro:esses employed in the i\rt of Turning. By I'aul N. Has- 
LUL'K. Second lidiiion, ihorontjlily Revised, with a New Chapter 
on the Screw-cutting Latlie. Crown Svo, 5^. cloth. 

Turning. 

THE METAL TURNER'S HANDBOOK. By Paul N. Has- 
LUCK. With orer loo Cul=. Crown 8i«>, u., doth. 

',• ri^BfcPOnilWlVfndWB.Mo/HA^LUlIK'sHANUHOOBaOsHAHDlL-BAFTS. 

Other I'alumcs m prtfnralha. 

Boiler Making. 

THE BQILEK-MAKER'S READY RECKdNER. Wilh 
Examples of Practical Geometry and Templitirg, for the use of 
Platers, Smiths, and Kiveters. By John Courtney, Edited by 
D. K. Clabk, M.I.C.E. i2mo, 91., half bd. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 100 inches in lenph, 
by I to loS incboB in breadth. By J. Hawkings. Fcp. 31. 6iif cl. 

Steam Boilers, 

A TREATISE ON STEAM BOILERS: their Strength, Con- 
Btmetion, and Economical Working. I5y R. Wilson, CiE, 

Fifth Edition, ijmo, 6j., cloth. 
" Thtbwl OwiiiBO ihalhflievcr been published ou sleam boilers."— i'j(f(B«». 
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MATHEMATICS, TABLES, ETC. 

Metrical Units and Systems, &£. 

MODERN METROLOtJV; A Manual of the Metrical Unili 
and Systems of ibe present Ccntuiy. With an Appendix con- 
taining a proposed Englidi System. By Lovi-[s D'A. Jackson, 
A,-M, Inst. C.E,, Author of "Aid lo Sjivey Ptaclice," S:c. 
Large Ctown 8vo, rii. bd. clolh, 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pate and Mised Mathematics, Designed chiefly 
for the use of Civil l^ngineers, Architects, and Snrveyois. Pail I. 
Pure Mathematics — comprising Atiihmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Seciious, Piopeities of Curves. 
Part 11. MiXBo MATHEM/vncs — comprising Mechanicsio general. 
Statics, Dynamics, Elydro^talics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Mateiialb, &c, ISy UMNTHtisGKE- 
coRY, LL.D.,F.K.AS, Enlargedby H. Law, C.E. 4lh lidition, 
revised by Prof. J. R. Vou.vi;. With 13 Plates. Svo. t/. \s, cloth. 

Mathematics as applied to the Cofistructivc Arts. 

A TREATISE 0.\ MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIViC ARTS. Illustrating the various pro- 
cesses of Malhemittiol Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis Campim, C.E. lamo, 3/. 6^/. cloth. 

'eometry for the Architect, Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic, By E. W. Tarm, M.A. With Appendices on Uiagtams 
of Strains and Isometrical projection. Demy Svo, 9^. cloth. 

Practical Geometry. 

THE GEOMETRY OF COMPASSES, or Problems Resolved 
by the Mere Description of Circles, and the Use of Coloured 
Diagrams and Symbols. By 0l[V£K BvitNti. Colouied Plates. 
Crown 8vo, y. W. cloth. 

"he Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present ia use on the Continent. By C, II. 
DowuNt:,C.E. and Edit., revised and enlarged. 8vo, 101. 61/. cl. 

Inwoods Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Aimuities, Ailvowsons, &c., and for Ihe 
Renewing of Leases ; also for Valuing Reversionary Estate:i, De- 
ferred Annuities, &c. By William Inwoou, aand Edition, wiih 
Tables of Li^ariihms fui the more Difficult Computation! of the 
Interest of Money, Ac. By M. Fkuqr Thoman. iimo. Si. cloih. 
"ThoMiniercslnl in ihe purtUaw and sale of lataiH, and in the adjuslnEnlor 



20 WORKS IN MATHEMATICS, ETC., 

Weights, Measures^ and Moneys. 

MEASURES, WEIGHTS, and MONEYS of aU NATIONS. 
Entirely New Edition, Revised and Enlai^ed. By W. S. B. 
WooLHOUSE, F.R.A.S. i2mo, 2J. dd, cloth boards. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications tod 
Uses for Mercantile and State Purposes. By FfcDOR Thoman, 
of the Society Credit Mobilier, Paris. 3rd Edit, i2mo, 41. 6^. cL 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from is. per cwt. to Ii2j. per 
cwt., and from one farthing per lb. to is, per lb. Each Table ex- 
tends from one lb. to 100 tons. ByT. Downie. 396 pp., 9J., leather. 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters ; 
Civil, Mechanical, and Mining Engineers; Architects, Builders, &c. 
By Charles Hoare. Eighth Edit. Oblong 32mo, 6j., leather. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition, will affijrd an aggregate of 10,266,000 
Answers ; the whole being calculated and designed to ensure 
Correctness and promote Despatch. By Henry* Harben, 
Accountant. New Edition. Royal 8vo, i/. 5^., half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising Tables for the use of 
Merchants, Manufacturers, Ironmongers, and others, by which 
may be ascertained the exact profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method 
of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required 
profit after allowing one or more Discounts : to which are added 
Tables of Profit or Advance from ij^ to 90 per cent., Tables of 
Discount from i J to 98f per cent., and Tables of Commission, &c., 
from \ to 10 per cent. By H. Harben, 8vo, i/. 5x., half-bound. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. Bjr J. F« 
Heather, M.A. Enlarged Edition. i2mo, 5^. doth. 



PUBUSHED BY CROSBY LOCKWOOD & CO. 21 



SCIENCE AND ART. 



Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its AUojrs ; Solders, Enamels, &c. By George E. Gee. 
Second Edition, enlarged. i2nio, 3^. dd, cloth. 

" The best work yet printed on its subject for a reasonable price. " —ynueller. 

"Essentially a practical manual, well adapted to the wants of amateurs and 
a|q;>renticeSy contaming trustworthy information that only a practical man can 
supply." — English Mechanic* 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, contahiing full In- 
structions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation Alloys, &c. By G. E. Gee. i2mo, 31. 6</. 
" The chief merit of the work is its practical character. The workers in the trade 
will speedily discover its merits when tney sit down to study it." — English Mechanic* 

Hall'Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom ; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall- 
Marks at the various Assay Offices ; and a variety of Practical 
Suggestions concerning the Mixing of Standard Alloys, &c. By 
George E. Gee. Crown 8vo, 3^. dd. cloth. 

Electro- Plati7tgy &c. 

ELECTRO-PLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, Ks. cloth. 

*'Any ordinarily intelligent person may oecume an adept in electro-deposition 
with a very little science indeed, and this is the book to show the yny"— Builder, 

E led f'oty ping, &c. 

ELECTROTYPING : The Reproduction and Multiplication of 
Printing Surfaces and Works of Art by the Electro-deposition of 
Metals. By J. W. Urquhart, C.E. Crown 8vo, 5J. cloth. 
"A guide to beginners and those who practise the old and imperfect methods." — Iron* 

Electro-Plating. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c., 
&c Eighth Edition, Revised, including the most recent Pro- 
cesses. i2mo, 3J. 6fl^., cloth. 
"From this book both amateur and artisan may learn everything necessary for 

the successful prosecution of electroplating." — Iron. ^ 

" A practical treatise for the use of those who desire to wopk in the ^rt f electro* 

deposition as a business."— ^w^/ifi^ Mechanic, 



Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on Ihe 
Construction of the various kinds of Artil^dal Dentures. Com- 

f rising also Useful Formulae, Tables, and Receipts for Gold 
late. Clasps, Solders, etc, etc. By CHARLES Hunter. Second 
Edition, Revised. With over too Engravings. Is. Sd., cloth, 

Electricity. 

A MANUAL of ELECTRICITY; including Galvanism, Mag- 
netism, Diamognetism, Electro -Dynamics, Magneto-El ectricih', and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S, 
Fourth Edition, with 500 Woodcuts. 8vo, 1/.41. cloth. 
■' ThBeccounisjiven of elecltidtyandealviuiisin are DQl only complete in s (cieolific 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 

Hbnby M. Noad, Ph.D., F.R.S., &c. New Edition, Revised. 

With an Introduction and Additional Chapters by W. H. Prbkck, 

M.I.C.E., Vice-President ofthe Society of Telegraph Engineers, 

&c With 470 Illustrations. Crown Svo, I2j. &f. doth. 

" We am tecammeud Dr. Ncad's book far clnr itylc Ereat iscge sT lulyecl, a 

(Dod bdeitt and a ptolboraof woodoils." — AtAgturutH. 

"An admirable leit-boErk for Every student — bcgioiier or advanced — Dfelectrldty." 

"irnder the editorial band of Mr. Preece the Ule Dr. Noad's teM-book of elec- 

Electric Lighting. 

ELECTRIC LIGHT ; Its Production and Use, embodying plain 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C.E. 
Edited by F. C. Webb, M.I.C.E., M.S.T.E. and Edition, Re- 
vised, with Large Additions and raS Illustrations, "js. dd. clolh. 
"ThebookisbyfatlhebestthnlwehaveyetmelwiihonihesTtbject."— ^(**iwKiH. 

Lightning. 

THE ACTION of LIGHTNING, ond the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Major Arthur Pabneli, R.E. izmo, 7J. bd. clolh. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND' 
GEOLOGY, containing all known Methods of Anhfdiousi 
Analysis, many Working Esnniples, and Instructions for nmkidB 
Apparatus. By Lieut. -Col. W, A, Rosii, R-A.i F.G.S. 

[/« lliiprtss. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK ot CHEMICAL ANA- 
LYSIS ; or Practical Instmctions for the determination of the In- 
trinsic or Commercial Value of Substances used in Mannfaclureg, 
in Trades, and in the Arts. By A. Normandy. Nivi EditioH, 
Enlarged, and to a great extent re-writlen, \iy Henrv M. Noad, 
*"- " " " " """ — -"■ tiations. Cr. 8' -- ■ - 
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I The Alkali Trade— Sulphuric Acid, &c. 
A MANUAL OF THE ALKALI TRADE, including the 
Manufaclure of Sulphuric Aeid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. With 232 Hlns- 
trationa and Working Drawings, and containing 386 pages of leu. 
Super-royal 8vo, 2/. izj. bd. cloth. 
riiatrm-kiiveiiii (r) i Ceaiflili HamOxkfiirinttnding A/iaH and Snlfkif!,- 
Acid ifaaa/aetitrtri, B%d/er tkest alrrady i% thefittd win ttarn in imfrnBi lArir 
fiaml, trie btcoKUi^iuathac^vainUdiBilktXilaluttTKasa and Jnitl<i*mms 
^thttradt: [i)n HrtTidy Vetimt vAiek Mamifattnrcrs ran iut ixto llti haridt lit 
iktir Mimngm an-i Ftmnm ii a ui//u! gnide m thtir dnilj nmndi qfduiy. 

I SVHOPSIS OF COHTKNTS. 

^^^H _Chip. I. ChDi« of Site iDd Oencnl IX. Cubonalmg or Fmishlne— X. 5«tii 
^^^^Ran of Work!— II. Sulphtmc Acid— CryBals — "' ' " 

K 

I ih 

' Pi 



llPyrile 
V. tcgii 



-"xi°Vtfin 



AiSi — 



1— VII. The Ballinc Prm 
■ "•-■ion and Sailing Do 

■ h-ll grven [he fulle_.. 

osl vahubJi mass of inibrnu 
,y Janguflge." — Engineer. 
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Soap-Tnaking. 

THE ART OF SOAP-MAKING, A F.actical Handbook of the 
Manufacture of Hard and Soft Soapii, Toilet Soaps, &c. Including 
many New Processes, and a Chapler on the Recovery of Glycerine 
from Waste Ley=. By ALKXANUEh WATT, Author of " Electro- 
Metallurgy Prjctically Treated," S:c. With Numerous Ilhislra- 
tionn. Crown 8vo, 91,, doth. \yii!tfiilili.'/if,l. 

• Every stage of the process of Ihe mnnoracture of the various kinds at mnp ii 
irty desoilied."— T".** Ttxiilt Rtcsrdir. 

Leather Manufacture. 

THE AKT OF LEATHER MANUFACTURE. Being a 
Practical Han!il>ook in which the Operations of Tanning, CurryinR. 
and Leather Dressing are fully Described, and the Principles of 
Tanning Enplained, wilh Practical Details, ni d Accounts of many 
Recent Processes, to which is added a Dcscriplion 01 the Arts of 
0!ue Manufaciure, Gut Dtessiiip, &c. Ry AlexanoI'r Wait, 
Author of "Soap-Making," "Eleclvo Melalluigy." S:c. \Viih 
-11... .__..■_. _ If B,.„ itufrtj'aratioi:. 
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z6 WORKS IN SCIENCE AND ART, ETC., 

Dr. Larditer^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnbr. 

328 Illustrations. Sixth Edition. I vol. y. bd. cloth. 

aiV^y^«^i,asax."—Brttisk Quarterly Rrtiirai. 

ANIMAL PIIV-SIOLOGY FOR SCHOOLS. By Db. Lardner. 

With 100 Illustrations. Second Edition, t vol. 3/. 6d. cloth. 
"Cleflrlyi.olleii,w(Ilairanged,Bnde>cellenl]yillu5[rjiled."— G'orrfraiTi'CAnii.iV//. 

Dr. Lardner' s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re-written, by E. B. Bright, F.R. A. S. 
140 lUustiations. Small Svo, •zs. 6d. cloth. 
" Odc of the most reidiLble buoki eiUnt on the KlectiicTelejnph."— £iy. Mmclumie. 

Mollusca. 

A MANUAL OF THE MOLLUSCA j being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S.,F.G.S. With nnmer- 
ons Plates and 300 Woodcuts. 3rd Edition. Cr. Svo, Is. itd. cloth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or. Geology and 
Genesis, theic Perfect Harmony and Wonderful ConcordT By 
George W. Victor leVaux. Fcap. Svo, 51. cloih. 

lively If Ihe arp "iiieii""of lh™e"ho woitFd Jt'^ud',°^"ka sfiainiit G^'.'waiit 
No real difficultv is shirked, aod na sophistry is Lcfl unexpHEed."— ^Af Renk. 

Geology. 

GEULOGV, PHYSICAL AND HISTORICAL: Consisting 
of " Physical Geology," which sets forth the Leading Principles irf 
the Science; and "Historical Geology," which treats of the Mineral 
and Oi^janic Conditions of the Eojrth at each successive epoch, especi>l 
reference being made to the British Series of Rocks. By Ralph 
Tate. With more than 250 lUuatraliooE. Fcap. Svo, 51. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev, 
JoH.N Care, M. A., late Fellow of Trin. ColL, Camb. iSmo, 51. cL 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
jrom Contribations of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers, and Edition, revised ; nearly 350 Ei^gravings 
and many hundred Woodcuts. 3 vols, royal Svo, cloth, 4/, lar. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING, By Colonel I. S. Macauiay, late Professor of 
Fortification In the R. M. A., Woolwich. Sixth Edition, 
Svo, doth, with separate Atlas of 13 Plates, I2r, complete, 
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Clocks, Watches, and Bells. 

RUDIMENTARY TREATISE oo CLOCKS, and WATCHES, 

and BELLS. By Sir Edmund BecKETT, Bart,, LL.D,, Q.C.. 
F.R.A.S. Seventh Edition, revised and enlarged. Limp Sotli 
(No. fi7, Weale's Series), 4J. td.; cl. bds. Ks. bd. 
"The bcH work on the tubjccl utant. TliE Iruluc rin belli u midoiibtedly 
the bcsL \a the language. " — Engmttring. 

Tfu Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. DiCKSOS, 
M.A., PtecCQtqr of Ely Calhedral. Second Edilion, reviae'l, witli 
Additions. lamo, 3^. cloth boards. 
"The amatenr builder will find in thu book all Ihsl ii necessary to enable him 

Brewing, 

A HANDBOOK FOR YOUNG BREWERS. By Hkrbbrt 
Edwards Wright, B.A. Crown 8vo, y. ftd. cloth. 

" A tboroughly sHeptific treatise in popular Ibdeubgc" — Monw^ AdBtrtlsrr. 

*' We would particularly recammend reacheji of the art to place 11 in every pupil's 

I hands, and we feel sure iti perusal will be auended vith advttmaEe-" — Brtvttr. 
Dye- Wares and Colours. 
THE MANUAL of COLOURS and DYE-WAEES: thdr 
, :.^ 
Gr 
W. 
-nil; 



W. SlATKK. Second EdiUon. Crown 8vo 

cncydopBrdia of the naleria linctoria."— Ciifmiit ami Jitv-tgist- 
r£fiource& of the dyer and uriater are ooUced with conipltitenFu, 
eimess. "- CArmiia/ .Vews. 

'■Grammar of Colouring. 

A GRAMMAR OF COLOURI^G, appHed to Decorative 
Painting and the Arts. By Geokok Field. New Edition, By 
Ellis A. Davidson, ismo, y. fid. cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, aa Taught and Practised by A, R. 
and P. Van der Burc. With 24 full-size Coloured Plates ; also 
Plain Plates, compriaitlR 154 Figures. Folio, 2/. iw. 6rf. bound. 



■" ' -■ -lined, Kie iiwruciionB accDmpnnyina the p|— — 
be compiehended by the dullest iuuUr|,Tond 
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Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitor to Picture 
Galleries, and for Art-Students, including methods of Paintlnjl, 
Cleanine, Re-Lining, and Restoring, the Principal StJioola of 
Painting. With Notes on Copyists and Imitalora of each Master. 
" PKILIPPB Darvl, B.A, Cr. 8vo, y. cloth, 

Bladge necesjary la nmateure."— .Sn^frfiiv Rn'irw, 



Delamoiie's Works on Illumination & A iphaiets. 

A PRIMER OF THE ART OF ILLUMINATION; for the 
use of Beginners : with a Rudimentaty Treatise on the Art, Prai 
tical Directions for its Exercise, i.itd numerous Examples taken 
fromlUuminatedMSS., printed in Gold and Colours. By F. Dkla- 
MOTTE. Small 4tD, (}f. Elegantly bound, cloth antique. 
■" "" " " " 'i-^'^,'^ 
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ORNAMENTAL ALPHABETS, ANCIENT and MEDIiEVAL i 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, German, Italian, Arabesque, Initials, Monograms, 
Crosses, &c. Callecieii and engraved by F, Deiamottb, and 
printed in Colours. Tenth and Cheaper Editioo. Royal 8vo, 
oblong, 2j. bd. ornamental boards. 
" For lliove who inserl enamplled senlencea round gilded chnliccs. wha blaion shop 

lefends aver Ehop-doon, who l«IieT church walli *>th pLlhy scdtcu ' " '^~ 

DeadoeuCrlhdbojk will KutcfuL" — At/vruBttm. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL i including German, Old English, Saxon, Italic, Per- 
speclivc, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c, &c. Collected and 
engraved by F. Delamottb, and printed in Colours. Eighthand 
Cheaper Edition. Royal 8vo, oblong, aj. 6d. ornamental hoards. 
" ThciE Is coinpriscd in ic every possible ihapQ inLo wkicb the Icttfrs of the alphaba 

and numerals can be formed." — SlandnriL 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS, By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
ductiou by J. WJW.1S Brooks. Small 4I0, bs. cloth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initial!, 
Emblems, Cyphers, Monograms, Ornamental Bordeis, Ecclesias- 
tical Devices, Mediseval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Df.lamotte, and 
printed in Colours. Oblong royal 8vo, li. dd. omamenlaJ wrapper. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches ofthe Progress of the Art. By Thomas John Guluck, 
Painter, and John Timhs, F.S.A. Fourth Edition, revised and 
enlarged. WithFrontispieceandVignetle. Insmall iivo,5j. 6rf. cloth, 
%* Tkii Work has bcm adopted as a Frite-book in the Schools ej 
Art at South Kensington. 
"ConDins a large amount of original matter, Bgreeably conveyed." — Buildir. 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amatenrs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, is. 6d. 

le handicraft of the wood-carvcr, >□ well as a book cao impart il, may be learnt 

'A £.a(fy's'pub]icatioiL"^^fAffueuM. 
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AGRICULTURE, GARDENING, ETC. 
Youatt and Burtis Complete Grazier, 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. \s, half-bound. 
" The standard and text-book with the farmer and grazier." — Farmer's MagOMtne. 
"A treatise which will remain a standard work on the subject as long as British 
aigriculture endures." — Mark Lane Express. 

History^ Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, ^Hth fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4f. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distribu- 
tors, etc. By John Ewart. Cr. 8vo, 55. cloth. 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. The Laying Out and Cultivation of 
. Farms adapted to the produce of Milk, Butter and Cheese, Eggs, 
Poultry, and Pigs. By the late Prof. J. Donaldson, With 
Additions, by R. Scott Burn. 4f. cloth. 

English Agriculture. 

A TEXT-BOOK OF AGRICULTURE (THE FIELDS OF 
GREAT BRITAIN), adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). i8mo, 2s. 6d. cloth. 

*' A clearly written description of the ordinary routine of English farm-life." — Land. 
"A most comprehensive volume, giving amass of information." — Agricultural 

[EconontisL 

Modern Farming. . 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry— Utilisation of Town Sewage, Irrigation, &c. Sixth 
Edition. In i vol. 1250 pp., half-bound, profusely illustrated, izs. 

Farm Engineering. 

FARM ENGINEERING, comprising Draining and Embank- 
ing ; Irrigation and Water Supply ; Roads, Fences, and Gates ; 
Farm Buildings ; Bam Implements, etc. ; Field Implements, etc. ; 
Agricultural Surveying, Levelling, etc. By Prof. John Scott. 
About 1300 pages, with Several Hundred Illustrations. 

\^In the press. 



30 WORKS IN AGRICULTURE, GARDENING, ETC., 
The Management of E'states. 

LANDED ESTATES MANAGEMENT: Trealinj- uf ihc 
Varieties of Linds, Methods of Farming, t'ann Building, Irrigation, 
Ununage, &c By K. Scott Burn, lamo, y. cloth. 
"A cdmpjele and comprehensive ontlinc of the dutitsapperutmlng to the manage- 
uietil of landed eslatei."'— 7aM«Mi ^ Fertitiy. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Oi^oniii- 
lion of Farm Labour, Treatiog of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Colt^e, 
Domestic Animals, &c. By HoBERf Scorr Burn, nmo, 3J-. 

Management of Estates and Farms. 

LANDED* ESTATES AND FARM MANAGEMENT. By 
]4, Scott Burn. (The above Two Works io One Vol.) 6j. 

HudsQiis Tables for Land Valuers. 

THE L^\ND VALUEH'S liEST ASSISTANT; being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for Reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C.E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4J. 

Ewart's Land Improver's Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MUL,E, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed FrO' 
perty. By John Ewakt, Land -Surveyor. 32mo, leather, 41. 

Complete Agricultural Surveyot's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, "js, &/■ 
" We tonsider Hudwn'j book to uc ihc best ready-reckoner on mailers relatirs Io 

llin moat osefidasa manual for reference-" — Nerth ^ Eiigtimd Fni'iHfr 

Grafting and Biding. 

THE ART OF CRAFTING AND BUDDING- By CiiARtES 
Baltet. Translated from the French. With upwards of 180 
Illuslrations. izmo, 31- cloth boaids- 

Culture of Fruit Trees. 

FRUIT TREES, the Scimtific and Prafitable Culture of. In- 
cluding Choice of Trees, Planting, Grafting, Training, Restoratim 
of Unfruitful Tress, Sec. From the French of Dti BitEtitL. Fooitb , 
Edition, revised. With an Introduction by George Gi-ENHV- 4J.cl. 
"Thebook leaches how 10 prune and [rain fruil-lrees 10 i>erfcclion."'— /irW. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM. A 
Fract'cal Guide Io the Cultivation and General Treatment of the 
Potuto. By James Pink. With Illustrations. Cr. 8vo, 2j. cl. 



I. tCBLISHED BY CROSBY LOCKWOOD 4 CO. 31 

p^ojrf Gardemng. 
\ A PLAIN GUIDE TO GOOD GARDENING : of, Uaiv lu 
1 Grow Vegelables, FniilB, and flowers. With Praeiical Noles on 
I lioila, Muiures, Seeds, Planling, Laying-out of Gardens and 
I Grounds, &0. By S. Wood. Third Edition. Cr. 8»o, 51. cloih. 
I '^A very Guod bmk, and one la be highly recommended ai a practical guide. 
|fcepracilciJdirKiioi«aiee>crU.;iil"~.'//*e«flr«(«. 
Gainful Gardening. 

MULTUM-[N-PARVO GARDENING : or. How to make One 
Acre of Land produce ^620 a year, by the Cuilivatioa of Fruils 

I and Vegetables ; also How to Grow Flowers in Three Glass 
Houses, so as to realise j£l76 per annum clear Profit. By Samuel 
Wood. v& Edition, revised, Cr. Svo, xs. cloth. 
Wi arc bound lo recommend it a! nul otilysuiicJ to ihc ca.ie of ilic Jiiuleuf and 
lleouui's tiardciicr, but lu Ihc markei gcDiver."— o'l'i/tiin-'i Magii^'mt. 
ardening for Ladies. 
THE LADIE.S'MULTUM-IN-rARVO FLOWEK GARDEN, 
aoii Anmteni's Complete Guide. By -S, WuoD, Cr. Svo, jj. 6./. 
uib Culture. 
THE BULB GARDEN j or. How to Cultivate Bulbous and 
Tuberous-rooted Flowering i'ianla to I'erlectioo. By Sanil'KL 
Wood. Coloured i'lales. Ciown Svo, 31. bJ. cloth. 
'ree Planting. 
THE TREE PLANTKIi AND PLANT PROPAGATUU : 
A Praclical Manual on ihe Propagation of Forest Trees, 1-iuit 
Trees, Flowering Shrubs, Flowering I'laols, I'ol Herbs. .\:c. 
Numerous lUustratians. By Samuel Wood. lamo, 2j. &/. cloih. 

Tree Pruning. 

' THE TREE PRUNER : A Practical Manual on Ihe Pruning ul 
Fruit Trees, their Training and Renovation ; also the Pruning ot 
Shrubs, Climbers, &c. By S. Wood, izmo, 21. 6il., cloth. 

Tree Planting, Pruning, & Plant Propagation. 

' THE TREE PLANTER, PROPAGATOR, AND PRUNEU, 
By SamublWood, Author of " GoodGsidcniDg,''&c. Consisting 
of the above Two Work* in One Vol., Ss. half-lwund. 

^arly Fruits, Flowers and Vegetables. 

THE FORCING GARDEN; or, How to Grow Early Frails, 
Flowera, and Vegetables. With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By S. Wood, Crown 8vo, 31. m. 

'.t Gardening, Etc. 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to " The Garden." Compiled by C. W. Sl[A\v, Edilot 
of" Gardening Illustrated." ismo, is.fni. cl. bds. 

Kitchen. Gardening. 

KITCHEN GARDENING MADE EASY. Showine_ how lo 

Erepare and lay out Ihe ground, the best means of cultivating every 
QOWD Vegetable and Herb, &C. ByG. M. F. Glsnnv. i2iiM>)2f, 



3* WORKS PUBLISHED BY CROSBY LOCKWOOD & CO. 
'A Complete Epitome of the Laws of this Country.' 

EVERY MAN'S OWN LAWYER; a Handy-Book of Ihe Prin- 
ciples af Law and Equity. By A Barkistek. New Edition, 
with Notes and Rcferencei. Corrected to the end of last Session. 
Embradng upwards of 3,500 Slatemepta on Foinis of Law. 
Crown Svo, price iis. id. {sa.itA. at every consultation). 

-"D WRONGS OF INDIVIDDALS, 
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xl [cadcj^ The be 
when some knolly poini reqiiirn ready Ki\\a\w..~~Btiei Lijc. 

Jiow to Invest. 

HINTS FOR INVESTORS. Being an Eip1»raticn of the Mode 
of TransacliDg Business oh the Slock E\chaD[;e, etc. By Walter 
M. Plavforh, Swoin Broker. Ciown 8vo, 21. cloth. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation foe Purchase, Sale, or Renewal of 
]>ases. Annuities, and Reversions, and of property generally ; 
with Wees for Inventories, &c. By John Wiieeler, Valuer, &c. 
Fourth Edition, enlarged, by C Nojlris, Royal yitaa, cloth, 5», 

Auctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 

By Robert Squides, Auctioneer. Demy Svo, loi, 6rf. doth. 

"The position and du^u of auclioncera Iteslsd CDinpcudiuDsly and clciul^."— 

House Property. la^un-. 

HANDBOOK OF HOUSE PROPERTY : the Purchase, Mort- 
gage, Tenancy, and Compulsory Sale of Houses and Land ; the 
Law of Dilapidations, &c. By E. L. Tarbuck. ltd EdiL 31, W 

"We are glad la be able 10 recommeiid W—Bvildir. 

" The advice ii iborouglily practical."— ioiu JavmcL 

Metropolitan Rating. 

METROPOLITAN RATING : a Summary of the App 

heard before the Court of General Assessment Sessions at W«t- \ 

minster, in the yenrs 1871-80 inclusive. Containing a large mas* J 

of very valuable information with respect to the Rating of Rail- I 

ways, Gas and Waterworks, TipiBways, Wharves, Public Hooses, j 
&c. By Edward and A. L. Rvde. Svo, lu. dd. doth. 
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1^ "WEALE'S SERIES includes Teil-Books on almost every branch of 
Science and Industry, comprising such subjects as Agriculluroi Architeclure 
and Buildiag, Civil Eagineering. Fine Arts, Mechanics and Mechajiical 
Engineering. Physical and Chemical Science, and many miscellaneous 

Treatises. The whole are constantly undergoing revii'" "~^ "■■■'■ — 

brought up to the latest discover'"" ■" e'^.-rtiifi*. i-a 

issned. The prices at which Ihey i 

assured."— jlmwieuM Literary Gaielti. 

" Amongst the literature c£ technical edncation, WEaLE's Series has ei 
enjoyed a high reputation, and the additions being made by Messrs, Crosby 
LOCKWOOD & Co. render the series even mora complete, and bring the infor- 
mation upon the several subjects down to the present Wtrb."— Mining 

'• It is impossible to do otherwise than bear testimony to the value o£ 
We aide's Series."— SiigjBier. 

'■ Everybody— even that outrageous nuisance ' Every Schoolboy ' — knows 

the merits o[ ' Weale's Rodimkntarv Series ' Any r '"' '" 

acquire knowledge cannot do better than look through V 
gel all the books they require. The Series is indeed an i 
of literary wealth."— rfte MeiropoUtatt. 

•• WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art anJ science —Public Optm 
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CIVIL EHGINEERING, SURVEYING, ETC. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Buhhbil, C,E. Rcnsed EditLon. With a New 

Appendiion theQualitiosofWater. lUuittated. as. 
3S. THE BLASTING AND QUARRYING OF STONE, for 

BuildiDg and alhec Purpose!. With Remarks on Ibe Blowhie up of Bcidni. 

ByGen.SirJoio. BURGOYNH,B»rt.,K.C,B. Ulujtraled. is. 6d. 
44. FOUNDATIONS AND CONCRETE WORKS, containing a 

Synopsis of tbs prmcipal cssea of FouodiLtion Works, S.c., Pnictli:^! Remark! 

on Footings, Plaokine, Sand, Concrete, B«on, Pile-drivinff, CaissoM, and 

Cofferdams, «jc. By E. DoaaoK, M.R.l.B.A. Fifth Edition, h. 6d. 
60. LAND AND ENGINEERING SURVEYING, a. Treadse on; 

with all Ibo Modem Improvement!, By T. Bjmob, C.E. New Edi&M, 

reviGedbrEDWASi>NuBB^,C.E. IlluatraledwithPlatesaDdDlagianw. ai.t 
8o». EMBANKING LANDS FROM THE SEA. With eiunples 

and Particulars of actus! Etnhankments.&c. By J. Wigbihs, F.C.S. n. 
81. WATER WORKS, for tlie Supply of Cities and Towns. "With 

a DMCtlption of tl "■■■"■--" .^ . . 

tor raisin K 'vPatcr." By sThob 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 
tical Treatise on. ByTHOsus Fehwicr. Also the Motbod of CoDdnctiBK 
f^uli terraneous Surveys nithout tbe Uie of the Ma^etic Needle, and otiwr 
lilnd^rn Jmprm'ements. By I'HOHAa Bakf.k. C.E, IHustraled. a. 6d.J 

118, CIVIL ENGINEERING IN NORTH AMERICA, a Skeldl 
of. By Daub SISVESSOH, F.R.S,E.. Sc. Plates and Diagmin* 31. 

167, IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By FsANCis Cabfw, C.E. as. 6d.t 
197. ROADS AND STREETS {THE CONSTRUCTION OF), 

._ . -n,.....-. T.._ » (-„,.„ .,^1; COHHOK ROAMjby Hum 

._ , . , II. Rbceki Practic., inclndiDR 

paTementsofStone, Wood, andAspbalte.hy D.K.Clark. 4i.fid.I 
SANITAR Y WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. ConpHsinB ;— i. Komo of the more CommoQ FniAt ol 
Nuisance and their KEuiedia ; a. Drasnaee;^ 3. Water Supply. ByCBAiusx 
Slaod, Assoc. M. Inst. C,E, Second Edition, revised and enla^«d. ])J 
THE CONSTRUCTION OF GAS-WORKS, and the Mann- 
factiite and Distribution of Coal Gas. Origin.illy wdn™ by Samdil 
— ■' ■"' - I - --L — ■— ged by WiLUiJI 

an PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with tbe Selllement of Waste Land, in Ifiw Con-" 
trie.. By EnwAan Dqbsom, Assoc. Inst. C.F- 4^- ^-t 
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^^^Klvil Kngmeering, Surveying, etc., coiilmvtd. 
^^Kie. MATERIALS AND CONSTRUCTION ; A Theoretical and 
^^^b Practical Tieatiicon the SlmiDs, DBaignmE, and Erectiau of Worki of Con- 

^^^m stniction. By Francis Cahfin, C.E. Socuod Edjdon, reiniGiL js.t 

^^Klg. C/Wi ENGINEERING. By Hknrv Law, M.Inst. C:E. 
^^^^1 Includme HiTjBAuLic Ehqineirinq bf Geo. R- Bdrhel:., U.Init. C.E. 

^^^V Sei^ntta Edition, levisod.jnith Uu^ additians by D, ,Kinhea« Cluk, 

ft 
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MJnst. C.E. 6s. fid.. Cloth 

MECHANICAL ENGINEERING, ETC. 



M. THE STEAM ENGINE. By Dr. Lardner. lUustraied. is.6d, 
' S9. STEAM BOILERS : their Constnietioo and Manaeement. By 



ByT. Bakek, C.E. With Additiooi by J. > 
139. TJilL STEAM ENGINE, a Tiealise on the Mathemalieal Theory 

of,nithR[ilG93iidEianplesforPmcticalMen. By T. BARER, C.E. ii. 6d. 

164. MODERN WORKSHOP PRACTICE, as applied to JIarine, 

Lud, and LoconiDtiTC Entices, Floating; Docks, Drtdgine Machines, 

-• Bridges, Ctanei, Ship-hnilding, &c., fcc. By J. G. Winton. Illustrated, ji.t 

M5. IRON. AND HEAT, eihibitiiiE the Principles concerned in the 

' CoDitmction of Itdd Beams, I^lais, and Bridge Girders, and the Acliao of 

Heat io the Smelting Futnace. By J. AsHOUa, C.E. a. 6d.t 

•. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearine-, 



Long and Short DmingBaTxds, and AngularForces. By J. Asmour, 2«.6£j 
■U£ WORKMAN'S MANUAL OP ENGINEERING 
^RA^^^NG. ByT.M*io-ON. cthEdn. ■WithjPlateiandjsoCuti. i3.6d.l 
<. STEAM AND THE STEAM ENGINE, Stationary and 



With Recent Practict 

Wood, Peit, Betrolemn, 8.c.-by D. 
. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; mlb 

large addilioni by D. Kthhejik Ciabk, M.I.C.E. jj.t 
. THE BOILERMAKER'S ASSISTANT in Drawing Tem- 

pUting, and Calculating Bailer aad Tank Work. Br John Courtnbv, 

Practical Boiler Makor.Tldirea by D. K. Clask, C.E. 100 Illmtrations. 28. 
a. SEWING MACHINERY: Its Construction, History, &c., with 

-inical Directions for Adjusting, 8rc. By 1. W. UBqcHAHT. C.E. as.J 

iNICAL ENGINEERING. Comjirisme Metallurgy, 

iviuuiuiDg, Casting, Fargiog. TcoIt, Workshop Machinery, ManuCacture ol 

the Steam Engine, Sc. By Frawcis Campik, C.E. as. 6A.t 
2%b. DETAILS OF MACHINERY. Comprising Instructions for 

the Elocution of various Works in Iron in the Fitting-Sbnp, Foundry, and 

Boiler- Yard. By fRAKLia Cai,ipin,"C.E. js.t 

237. THE SMITHY AND FORGE; indudiog the Farrier's Art and 

CoacbSmithing. By W.-J. E. Cbamr. Illustrated. !s. fid.t 

238. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 
■ miths, Copperamiths.Zincworker^, lie. With 54 Diagranii and 

,___lenii. By W. J. E. Cranr. is. 6d. 

r AND MACHINERY MANAGEMENT; a Guide 

eal Managenienl ofMa^-hin-jry, with HiBti 

HyM. POWIS BALE, M.InM.M.E., 



J RUDIMENTARY SERIES. 



MINING, METALLURGY, ETC. 

4. MI/^ERALOGV, Kudimtnls of; a concise View of Ihe Prope 
ofMincrals. By A. Ramsay, Jnn. Woodcials and Slsel Plnlej. js.I 
117. SUBTERRANEOUS SURVEYING, Elementary and Practical ' 
"■ ■■ -■■' - ' witboul thB MagEoSc Nwdlc. ByTHOHASFanj 

d Thojkas Bareii, C.E. Illuitrated, ■!. 6dJ 

, n Introduction to the Methods 

Peking, Mioingp and Assavine Cupper, and ManD^ctiiriDg \\J Alloys. 
BrKoBEHTH. Lahbdbn. Pb.D. Woodcuta. 21. 6d.t 
135. ELECTRO-METALLURGY; PracticaUy Treated. By AtBS- 
AHDis Watt, F.R.S.S.A. Eigblh Editian, rEii^ed, «ilh additional Matte 



Surveyor □f'Miru 
133. METALLURGY OF COPPER ; a 



and must 



;1udide the t 






172. MINING TOOLS, Manual of. For the Use of Mine Managen 
Agents, Stadents, &c. By Wiluah Mohgaks. a. iAA 
171". MINING TOOLS, ATLAS of Engravings to Illuatrate the above, 
contaming 135 niiutialioiit. drawn Co Scsls. 410. «!. Cd.; cloth boards, ^. 

176. METALLURGY OF IRON. Containing History of Iron Mann- 
faetare. Methods of Aisay. and Anal^es of Iron Orei, Procesie. of Manu- 
bctnreof Iron and Steel, &i:. By H. BAUERHAN, F.G.S. Fifth EditioD, 
revised and ealarffed. 5s.t 

180. COAL AND COAL MINING. By Wakington W. Smyth, 

MJV., F.R.S. Fiftb Edition, revised. With oumerous lUnstrations. 3S.6d.t 

19s. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with ne* Travctie Tables, and Descriptions of Improved 
JcstcninentB ; also tbe Correct Prininples of Laying out and Valuing Mineral 
Properties. By WiliiAH LiNiiBB.lbliniog and CivU Engineer. 35. fid.] 

ai4. SLATE AND SLATE QUARRYING, Scientific, Practical, and 
CoDUdercial. By D. C, Davies, F.G.S., Minins Engineer, la. js.t 

MO. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 

ISO, witb Records of the Peculiarities of Needle Dls turban c-s. Compiled 
ftomthoRF^uitsofcateFullymadeEiperimcnts. ByW.LlNTBKH. 2s. 
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r. a. Lee 
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17. ARCHITECTURE— STYLES—The History and Description of 

the Styles of Architecture of Various Countriei, from the Elrlieit to the 
Present Period. By T. Talbot Bury, F.R.I.B.A., f<c. Illustrated, as. 
V Oebfhs and Siylbs at Abcbh.ctvbh, r« Oni Vol., 31. 6d. 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Arehitectnrf , as deducible from Nature and exemplified in the Works of tho 
Greek and Gothic Architects. ByE.L. Gardett, Architect. Illustrated. is.Cd. 
•»• The thm preceding Works, in One kandsDme Vol., half Ixmnd, mlilled 
"Mdbbbn ABCHlTSCTUFR."jl™e6l. 

22. THE ART OF BUILDING, Rudiments of. General Principles 
of CoDstructlDD, MaEeiiali used in Building, Strength and Dse oF Malenali, 
WotkinEDrawings, Specifications, and Eslimat. ~ 

25. MASONRY AND STONECUTTING ; 

of Masonic Projection and their appl---'=~ " 

Wing-Walls, Domes, Oblique Bndg_.. 

ate eiplained. By Edward Dobsdn, M.R.I.B.A., 
43. COTTAGE BUILDING. By C. Bruce Allku, Architect 
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WEALES RUDIMENTAKY SERIES. 5 

Lrohiteciure, Building, ate, continued. 

57. WARMING AND VENTILATION. An Eipo^ition of the 
General PrincIplES as applied to Domotic and Public Buildingg, Mines, 
lighlliouses, Sbips, Sc, By C. Tohumson, F.R.S., Sc IIloslraKd. 35, 
. ARCHES, PIERS, BUTTRESSES, &-c.: Kip erimenlal Essays 
nnthePrindplesofCooitniction. DyW.BLAsn. lUuil.alBd. 11, 6d. . 
P ii5. THE ACOUSTICS OF PUBLIC BUILDINGS; or. The 
Principles of the Science of Sound anplied to the purpose! of 11is!ArchitecC snd 
BuUder. ByT. RocER SulTiI, M.KJ.BJ^., Aicbilecl. Illustrated. is.6d. 
121. ARCHITECTURAL MODELLING IN PAPER, the Art of. 
ByT. A. ElCHASDSO«, Archilecl. Illuslialed. is. 6d. 
[-128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 
VITRUVIVS POLLO. In Ten Bnoks. Translated from the Latin by 
Joseph Gwht, F.S.A., F.Rji.5. With y Plates. 5.. 
1 130. GRECIAN ARCHITECTURE, An Inquiry itilo the Ptinriples 
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pratdotg Works 
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L133. THE ERECTION OF DWELLING-HOUSES. lUustrated b;- 

detached Villas, witk tbe Specification, 'Quantities, and Estimates, &c. By 

S. H.Brdqks. Neo Edition, with Plates, as. Gd.t 

I 156. QUANTITIES AND MEASUREMENTS,n<>yii.oC3\v^iia.U:wi 

' Take them In Bricklafen', Masons', Plaitenns', Plumbeti', Painters', Fapcr- 

hangeis', Gildois', Smiths', .Caipenlere', and Joiners' Work. By A. C. 

Bsaioh, Architect and SuTvejor. New and Enlarged Edition. HIds. I9.6d. 

175. LQCKWOOD &• CO:S BUILDER'S AND CONTRACTOR'S 

PRICE BOOK, containing the latest Prices of all kinds of Builders' Uateiials 

and I.about, and of all Trades connected with Buiiding, tic, 8<c. Edited 

hyF.:T.W.kiLLie,Ardiitect. Published annually. 3E.6d,;balfbonnd,4s. 

1 l8i. CARPENTRY AND JOINERY— lae. Elkmentasy Pkin- 

ciPLHS OF Carpentky. ChlcHy composed from the Standard Work of 

Thouas Tbbdcold, C.E. With Additions from (he Works of the moil 

Recent Authorities, and a TREATISE ON JOINERY by E. Wtodhah 

Tarw, M.A. Numetons Illustration!, js. 6d.t 

182-. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 

accompany the above. With Descrintiva Letteipreti. 4to. 6s.; cloth,is.6d. 

185. THE CaW/'i£Z'.ff JJ/EvJ^OR.ffff; the Measurement of Boarda, 

Glass, &C! Unequal-jided, Square-iided. Octagonal-sided, Round Timber 

.„H .'itnrp, and Standing Tiinher, dc. By RiCHARO Hobtoh. Fourtb 

_ ,s- i EtHinely bound in leather, s>. 

187. HINTS TO YOUNG ARCHITECTS. By G. Wighiwick. 

New Edition, By G. H. Guiuaumb. Illustrated. 31. fid.| 

188. HOUSE PAINTING, GRAINING. MARBLING, AND SIGN 

WRITING. ■ containing full information do tbe Pracesses of Houie-PaintinB, 
the Practice of Sign-Writing, the Principles of Decorative Art, a Course of 
Elementarr DrawTnE for House-Painters, Writers, Iec, tec. With 9 Cnlonred 
Platea, and nearly ISO Wood Engravines. By KU.1SA. Davidson. Third 
Edition, revised. 51, cloth limp -, £b. clotll hnards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Sir Sections: General Principles; Arch Drawing, Cutlinj, and SetSna 
PointinBr Paving, Tiling. Malerials; Slating and Plastcnne; Practical 
Geometry, Mensuration, Uc. By AuAu Hammond. Illustrated^ is. 6d. 
IQI. PLUMBING. A Text-Book to the Praiitice of the Art or Craft of 
- "■— '-fr. With Chapters upon House Drainage. Fourth Edition. 
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WEALES RUDIMENTARY SERIES. 



Architecture, Building, etc., continued. 
igz. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

and BUILDER'S STANDARD GUIDE. By Eicbako E. Ghakdy. 

Sccooa Ediir™, Keviied. 3S.t 
206. A BOOK ON BUILDING, Civil and Ecclesiastical, inclndine 

Chublh RssTQKATioN. With lliB ThcoiT of Domes ana Ihc Great Pyramii 

ac. BySirED-UNtil!ECK>Ti-,H»rt.,LLi).,Q.C.,F,RA.S. 4s.6d.I 
ai6. THE yOINTS MADE AND USED BY BUILDERS in the 

ConalrucUon of various kinds of Eoginearing and Architectural Woiks. By 

WvviLLj.CBRisnr.ArchilBct. With upward! of 160 EoBrMvingson Wood, ai.t 
2!8. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

BjE. Wv™h«m TiRN, M.A., 'Architect.! Second Edition, revised. u,fid. 
229. ELEMENTARY DECORATION: as applied lo the Interior 

andE.teriqrDKOralJDTiofDwelliDe.Hoii5e5,&c. BjjAKiis W.FACli, Tun. 

Illustiated v!th Sixty-eiebt explanator; EngravinKS. is. 
330. HANDRAILING (A Practical Treatise on). Showing New and 

Simple Methods for findinj; the Pitch of the PJaiik, Drawing the Moulds, 

Bevelling, Tomting-up, and Squaring the Wreath. By George Colunos. 

UhutratedwithPratesandDiagrams. II. 6d, 

347. JWZ£'/A'(?£i'7"./ir.£'5.- a Rudimentary Treatise on the Develop- 
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SHIPBUILDING, NAVIGATIOH, MARINE 
ENGINEERING, ETC. 

. NAVAL ARCHITECTURE, the Rudiments of; or an Eiposi- 
tion of Iha Elementary Piinciples of the Rcieoce, and their Practical Appli- 
cation to Naval Coostructicn. Campiled for the Use of Beeinners. By 
Jambs FsAKB. Filth Edition, with Plates and Diagrsms. js, 6d.t 
53". SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Conjtniction of. By H. A. Sohuhmblot, 
Siiivcyor of the Royal Niirwegian Navy. "With an Aupendii. 11. 6d. 
■•. AN ATLAS OFENGRAVINGS to HJoatrate the above. XwbIto 
large folding plates. Royal (to, eloli. 7!. fid. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Kudimentan' Treatise DO. Alsa Tables of Spars, Sieging. Blocks! Chain, 
Wire, and Hemp Ropes, Ic., relative lo every class of vessels. By Rdbkbt 
K(FFIHS,N.A. Fifteenth Edition. Illustraled. !s.t 

. IRON SHIP-BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Boilden. By Tdun GnUdHAii, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additioni. (s. 

. AN ATLAS OF FORTY PLATES to lUustrale the above. 
Fifth Edition, qto. boards, jSs. 

55. THE SAILOR'S SEA BOOK: a Rndimentary Treatise on 

Navisation. Part I. How to Keep the Log; and Work it ofE Put n. On 
Findins the Latitndeand Lengitude, By Jambs GiiBHNinKiD, B.A. Ts 

lional (Commercial) Co°dc of Si^^^t'he Rde of'^ 
■t and Mortar Apparatus for Saving Ijfe ; the Law d( 
Dictionary of Sea Teriits. With Coloured Plates o' 
milaiged edition. By W. HI " " ' 
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Ehipfauildiog, Navigation, Marine Engineering, etc., font. 
80. MARINE ENGINES, AND STEAM VESSELS. By Robert 

MuBRAv, C.E. Eisblh Edii.on. [/« prcpanlion. 

836W. TSE FORMS OF SHIPS AND BOATS: Hinls, Experiment- 

alJyDoiiKd, on lome of Ihc Principlia regnlating Sliip-br "' ----^' 



BiAsii 



dodela.i 



ra tlifl NiLUircal Almanac for woiking Ifaa rroblemi. la. Sd. 
1^. SHIPS' ANCHORS, ^.Trealae on. By G. Cotsell, N. A. la.Bd. 
~ 149. 5.^/Z,? AND SAIL-MAKING, an Elementary Treatise on. 
With UraughtiiiE, and the Centre of ESbrt ai tha Salli. Also, WeiEtU 
and Siici orRopes : MiitinB, KiBPOB. ^"d Sull. of Steam Vcsacis, fcc, Sn:. 
ElBvenlb Edition, enlarged, with an AppcDdll. By RoBIRT KlFPINQ, ll.A., 
Sailmaker, QusTside, NewcaiUe. Illustrated, is.ed.t 
ISS. rSff ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a PsuciirAL Ekginekr. Kovijed by D. 
f . M'C*RiBV, late Df the Ordnance Surrey Office, Southamploo. 3s. 
: PRACTICAL NAVIGATION. Consisting of The Sailor's 
■ Sea-Book. By Jambs GbhenVt-dqii and W. H, Robsih. Together with 
, the requlaile Mafl.™atical and Nautical Tables for the WorBng of the 
— ■ v.C.E.. and J. K. You.\G, formerly Profcssi " 



inc 



ind Col< 



Belfast College. lUiut 



■ongly half-bi 



•.i with nt 



to us Wood Engiav- 



AGRICULTURE, GARDENING, ETC. 

y . READY RECKONER FOR THE ADMEASUREMENT OF 
LAND, including Tables showing Ihc price of work from SB. 6fl. to £1 pet 
aero, and other useful Tables. &y Abraham Armas. Second Eilition, 
correded and eilcndei hy C. Norrib, Surveyor, Sc. ss. 

}i. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER. WithapprDiimateTalnesofMillitones.Mmwork, 3>c. rs. 

rjao. SOILS, MANURES, AND CROPS. (Vol. 1. Outlines of 

'' Mod BBN Farming.) By R. Scoti Bubn. Woodcuts. 35. 

. FARMING &• FARMING ECONOMY, Notes, Historical and 

Practical, on. [Yol.3.0DiijnisoFMoDSRHFAsuDia.| ByR.SctnrBuRH.js. 

LjiS. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

" OUTUMIB OS MODBRN FiRKIBC.) By R. ScOTT BuRN, Woodcutj. il. 6d. 

;. DAIRY, PIGS, AND POULTRY, Management of the. By 
R. Scott Bukh. With Notes on the Diseases of Slock. (Vol. «. Ouiunes 
or MopaaN Fabminc) Woodcuts, is. 

rtiG. UTILIZATION OF SEWAGE, IRRIGATION, AND 

' RECLAMATIOK of waste land. (Vol. s. OirrLiBBS o» Mddr«s 

FAaaiNO.) B7R. Scorr Berk. Wondci— -" 



.1.5-6, ,\ 



tlilled " Out 



3y RonEBT Scon Bubs. . 

i;7. FRUIT TREES, Tiie Scientific and Profilable Culture of. From 

the Fraich of Du Ereuil. Revised by Gso. Glbskv. 187 Woodcuti. js. M.t 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 

DISEASES OF, By W. C. Spodnhb, M.R.V.C, ««:. Fourth Edition, 

enlarged, including Specimens ot New and Imprnved Breedjf. 3B. Gd.t 

JOl. KITCHEN GARDENING MADE EASY. Showing how to 

H^b, acf^BjGiicBGBM. F. GuiHNY.'™!6d.) ""^ 
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WEALE S RUDIMENTARY SERIES, 



Agriculture, Gardetung, etc, continued. 
20?. OUTLINES OF FARM MANAGEMENT, and iht Organi- 
Efl/ion of Farm Ijtbnur: TrEaemg ot the General Work of the Fiuni ; Fiald 
and LiMStodki Contract Wdrki Labour, iLc. By K, Scott Jit 
io8. OUTLINES OF LANDED ESTATES MANAGEMENT: 
TreatinE of tlie Vuietiu of Laode, Methods of FarminE, Fatm BuildJiiFS, 
Irrigation, Diaioage, &c. By R. Scon Burh. ji.Sd.t 
••• Net. toy &. noB (B Ow fa/., hiaubomtly half-b/ainJ, tnUIUd "Ochines^p 
Landbd Estates AND Fash M:iHAOBi.B(a." BjR. Kcdit Bukh. Priccbs. 



\ 



FrD^t I'rees, mdadjag alaa theii Tramine and RenoratioD : alio (be Pnm.uK i 

□rSb[ubi,CIimbeia,andFIonvrinEl-]ants. By Sakdel Wood. mX ' 

••• Nm. 303 6- IIS in One Vol,, handsomely hall-hound. ealiHed "The Tom 
Plantkk, PROPAnATOR, AND Prdnph." By Sahubi. Wood. Price ss. 
2i8. THE BAY AND STRAW MEASURER -.Stva^'^Kvillalb'^ 

fot tha Uie of Auctioneen, Valuers, Fanners, Hay andlSliaw Dealera. Sc. 

Fourft Edition. By John Siehlb. is. 
aaa. SUBURBAN FARMING. The Layiog-out and Cultivation of 

Fanns, adapted to llie Produce of Milk, Butter, ajid Cheese, Fgn, Pooltir, 

and Pies. By Pro£JOHH Donaldson and R.ScoitBu'rn. 31. dd.t 
331, THE ART OF GRAFTING AND BUDDING. BvCsaklks 

Baltet. With Ulustrations. 11. 6d.t 

232. COTTAGE GARDENING I or, Flowers, Fruits, and Vegetables 

for Small Gardens. By E. HonOAV. is. 6d. 

233. GARDEN RECEIPTS. Edited by Charlks W. Quin. is. fid. 

234. THE KITCHEN AND MARKET GARDEN. Compiled 

by C. W. Shaw, Editor of " Gardening llla^trated." jj.t 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 

Ewdyin? the most recent experience In the Application of fraproved Methods. 
ByJoHHScDTT, lata Professor of Agriqullure and Rural Beooomv at Ihn 
Hoyal Agricultural CoUege, Cirencester. With 6S Blustrationi. i 

240. IRRIGATION AND WATER SUPPLY. ATreatise 01 

Meadows, Sewage Irrigation, Warping, Bic. : on the Con*fm<*Knn n 

Pondi, and Reiervuirs ; and Du Raising Water by Mi 

tDial and Domoitic Purposes. By Prof. Jdhh Scott, '••luijt iuu>. •>. uu. 

2+1, FARM ROADS, FENCES, AND GATES. A Practical 
Treatise on the Roads, Tramways, and Waterways of tlio Fannj l!i8 
Principles of Enclosure: and the different kinds of Fences, Gates, and 
Stiles. By Professor JouM Scott. With 75lllnsiraUDns. is.Sd. 

24s. FARM BUILDINGS. A Practical Treatise on the Buildings 
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. By Prof. JoHM Scoii. Willi 10s Illus, m. 

243. BARN IMPLEMENTS AND MACHINES. Treating of the. 

Application of Ponerto the Operations of Agriculture; and of Ibo niia — 
Wacliines nsed in the TbresSing-bam, in the Stock-yard, Dairy, fcc. 1 
Prof. J. SqoTT. [Nearij, ratify. 

244, FIELD IMPLEMENTS AND MACHINES. By Professor 

John Scott. Illustrated. [/« tiefrai, 

aiS. AGRICULTURAL SURVEYING, LEVELLING, 6*c. By 
prof. John Scdtt. Illuitiated. [/h fttpaiaiinn. 

\ 350. MEAT PRODUCTION. A Manual for Producers, Distributor^ 

"-, ByjDHHEwART. 2!.6d.I 
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MATHEMATICS, ARITHMETIC, ETC. 

I 3a. MATHEMATICAL INSTRUMENTS, aTrealiseon; in which 



ara concisely Eipliined. By J. F. HEjT^BSfil.Zrof'l'^'a*KDyal")Ifil!u 

Acidemy, Woolwieh. Oripnal Zdiilon, in i tdI., ITliistrated, is. fid. 

-deringikt abmie.iicarefKl la lay, " Orisinai Edih'mt'' [Nn. ta), le " ' 

guisA ii/rom Ihe Enlargid Edition n. j volt. (Ken. 168-9.70.) 
ESCRJFTIVE GEOMETRY, an Elementaiy Treatis 
rith a Thcdrynf Sbadowi and orPerspective, eitiacted hani .the F 
5. SIOsOB. Tq whicli is added, a drHcriplion of the Prinriplcs and ] 
if Isometrica! Piojcction. By J. F. Hbathes, MJl. With 14 Platr 



^ In ordetingtJte obovt, b€ careful to tay, " Orifffna 

guisA ii/rom Ihe Enlarged Edition n. j volt. (A'«. iSS-g-jo.) 
f ;6. DESCRIPTIVE GEOMETRY, an Elementary Trea 
withaTlied ----'- 

"■ -.•.._... „jpj„(jg 

Platts. IS. 
ttyS. PBACTICAL PLANE GEOMETRY: giving the Simplest 

h. '"■^'■"ofCoDstruccing^Fleuresc"'^*'''^'''^ ■- " — '*'" -"^ _.._;__iS^^_ 

in Dfthe GroQnd. By J. I 
IrthOgra 

• fki above iiree voUmn mill form a CouflS-CE ElHHHNIAEY'Cm 
JUthhhatical Dsawiho. 
I 83. COMMERCIAL ROOK-KEEPING. With Commercial Phrasw 
* -ltd Fonni in Engiiah, French, Italian, and German, By Jambs Haddoh, 

bl.A., Arithmetical Master of Klsg's College School, London. 11. 6d. 

■ 84. ARITHMETIC, a Rudimentary Treatise on: with full Eiplam 

■ tiomofitiTheoreticalPrinciples.andniinietonsEiampleibrPraqtice. I 
Profeasor J. K. Young. Ten Qi Edition, corrected, ii. fid. 

A Ket to thfl above, cantaining Salulioni is full to Iho Emciscs, tagethi 
with Comments, Eiplanalions, and Improved Processes, for the Uss < 
Teachers and Unassisted Learners. By jTk. Youno. it. fid. 
P'SS. EQUATIONAL ARITHMETIC, s.pp\iedioQaestionsolInteiest. 
tii'. Annnities, Life Assurance, and Gsneial Commerce; with vaiioia Tables' 
which all Calculations may he greatly faciliUted. ByW. Hipslbv. as. 
I. ALGEBRA, the Elements of. By James Haddon, M.A. 
With Appeedii, containing miscellaneous Investigations, and a Coilection 
of Problems in variouj parts of Algebra, as., ^ 

Solved Eiamplcs and ProbkmsTn fuustra^n^of "^ van™s"liJJidienta 
necessary in Algebraical Operations. ByT. R.YouBa IS. fid. 
8S. EUCLID, The Elements OF : with many additional Propositions 
80 and Eaplanatory Notes: to which is pre£ied, an Introdnctory Essay on 
' * Logic. ByHa™vLAVir,C.E. is. 6d.t 
, "^ Sold also setarairly, Hi. .— 

' 88. Encuti, The First Three Books. By Hbkry Law, C.E. is.6d. 

89. El-cud, Books 4, S. «.","■ By Hbkkv Law. C.E. is. fid. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By Jahes Hann. A Nev Editioo.b; Professor J. R. Younc. a.% 

91. PLANE TRIGONOMETRY, the Elements of. By Taues 

Hann, (bnoerly Mathematical Master of King's College, London, is. fid. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By Tames 

■T. — u — ^-"^dby ChA"'"' " T^"".-..... f-o — 
' urwirA " iM "•'— — ■■ 

93. ■ 

and Levelling of Land for the Purposes , -^. -^ .. 

Baker, C.E. New Edition by E. Nugbnt, C.E. Illustrated, n. fid. 
lOi. DIEFBRENTIAL C,^Z CM: KS, Elements of the. ByW. S.B. 

WOOLHOUSB, F.RJi.S.. fcc. IS. 6d- 

loa. INTEGRAL CALCULUS, Rudimefttary Trealisc on the. By 

HoHERSHAH Coi. B.A. lllnslratad. is. 
\a%. MNEMONICAL LESSONS. — GYOVCEtKJ, Algebba, and 
.TnioaKOKBTRT, in Easy Mnemenical Lesioai. By tbo Rev. Tudhas 

FeNTKCION KlKKHAN, M.A. IS. fid. 
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Mathematics, Geometry, etc., continued, 

136. ARITHMETIC^ Rudimentary, for the Use of Schools and Self- 

Instruction. By Jambs Haddon, M.A. Revised by A. Ajuian. is. 6d. 

137. A Key to Haddon's Rudimentary Ajuthmbtic. By A. Arman. is. 6dLm 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A. Illustrated, is. 6d, 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By T> F. Heather, M.A. Illustrated, is. 6d. 
%* The above three volumes form an enlargement of the Authof's original work, 
" Mathematical Instruments.** {See No. 32 in the Series.) , 

xG^.^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. ?> M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
170..) above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoarb, C.£. With a 
Slide Rule in tuck of cover. 2s. 6a.t 

196. THEORY OF COMPOUND INTEREST AND ANNUL- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F^dor Thoman. 43.^ 

199. INTUITIVE CALCULATIONS; or, Easy Methods of Perform- 
ing the Arithmetical Operations required in Commercial and Business Trans- 
actions ; with Full Explanations otDecimals and Duodecimals ; Tables, &c. 
By D. O'Gorman. Twenty-fifth Edition, by Prof. J. R. Young. 35.* 

204. MATHEMATICAL r..4^Z^*S, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Professor'!. R. Young. 3s. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONSt and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhouse, F.R.A.S., F.S.S. Sixth Edition. 2s.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE AR TS. Illustrating the various processes of Mathematical Investi- 
fation, by means of Arithmetical and Simple Algebraical Equations and 
ractical Examples. By Francis Campin, C.E. Second Edition. 35.* 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Professor George Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. TOMLINSON. Woodcuts. IS. 6d. 

6. MECHANICS, Rudimentary Treatise on. By CHARLES TOM- 

LiNSON. Illustrated, is. 6d. .} 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabine, C.E., F'.S.A. is. 6d. 

7*. GALVANISM. By Sir W. Snow Harris. New Edition by 
Robert Sabine, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General^Prin- 

ciples of Ma^etical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
Noad, Ph.D. With 165 Woodcuts. 3s. 6d.t 

The X indicates that these vols, may be had strongly bound at td. extra, 
LONDON: CROSBY LOCKWOOD AND CO., 
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Physical Science, Natural Philosophy, etc., continued. 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginners. By Charles 

ToMUNSON. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynnk Lynn, B.A., F.R.A.S. 2s. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the; a Guide to [Candidates for 
Employment in the Telegraph Service. By R. Bond. Fourth Edition. 
Including Questions on Magnetism, Electricity, and Practical Telegraphy, 
by W. McGregor. 3s.t 

173. PHYSICAL GEOLOGY, partly based on Major-General PoRT- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,&c. Woodcuts. 2S. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's "Rudiments of 

174. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By tix, Lardner, D.C.L., 
& formerly Professor of Natural Philosophy and Astronomy in University 
-3. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 
^* %* Sold also in Two Parts, as follows : — 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I. — ^VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XVIII. 3s. 



FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

i Students and Amateurs in Architecture, Painting, &c. By George Pynb. 2S. 
40 GLASS STAINING, AND THE ART OF PAINTING ON 
&4I. GLASS. From the German of Dr. Gbssbrt and Emanuel Otto Fiiom- 
BERG. With an Appendix on The Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spencer. 2s; 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. is.6d. 
eg-y I, MUSICS THE PIANOFORTE. In one vol. Half bound, 53. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, (jlass, &c. With Historical 
Sketches of the Progress 01 the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Fourth Edition, revised and enlarged. 5s.t 

186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, &c. 3s.t 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FQR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, &c. With Notes on the Copyists 
and Imitators of each Master. By Philippe Daryl. 2s. 6d.:( 

The X indicates thai these vols, may be had strongly bound at 6d. extra, 
7, STATIONERS' HALL COURT, LUDGATR HILL, E.G. 
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INDUSTRIAL AND USEFUL ARTS. 

. BRICKS AND TILES, Rudimenlaiy Treatise on the Manufac 

turcof. By E. DOBSOK, M.R.l.E.A. IllnalratEd^ii.t 

. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. BySitEiiHiJJra]lECKBTT,LL.D..Q.C. SeTcol"- ^'■" '"' --' - 

'. c'o%ST)i'uCTfON OF 'door' LOCKS. Compiled from the 

PapersofA.C.HoBBS.andEdlMdWCuAjtT.BsTOHLINSOH, F.R.S. With 
A^itioMhyRonsm MAitBT, M.l.C.E. lUiis. ss. fid, 
■. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelline, PaltErn-Mflkine. Moulding, Turning, Filing, aumiating, 
BronimB-.ftc. With copious Receipls.&c. ByWALTSE Gkah*h. 15.4 

:. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badenoch. I]lus»atedwithi3full-page£ngravings<>r£iaTiiplcs. ii. 

:. THE GOLDSMITH'S HANDBOOK, containing full Instruc- 

lions for tbo AI!oying and WotWnE of Gold. By Georgb S. Geb, la.t 
,. COACH BUILDING, A Practical Treatise, Historical and 

i. T^"^SILvJrSJIIITH°T'''ha'nDBOOK; containing fuU In- 
stnctionsfortbeAIIoyinRandWorkmEof Silver. By Gbobgi E. Gee. 3S.I 

,. PRACTICAL ORGAN BUILDING. By W. E. DICKSOW, 
M.A.. Precentor of Ely CalliedTjl. Rlustrated. u. 6d.t 

I. THE HALL-MARKING OF JEWELLERY PRACTICALLY\ 
CONSIDERED. By Ghdbob E. Gas. js-t 

MISCELLANEOUS VOLUMES. 

I. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, MBTALLURCV, ARCHE- 
OLOGY, tht FINE ARTS, f^c. By John Weaib. Fifth Edition. Reriied 
by Rdbsht Hunt, F.R.S. Illuitiatcd. ss. limp; 6s. cloth boards. 

L THE LA W OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Tbiid Edition, enlarged, ji.t 

t. MANUAL OF DOMESTIC MEDICINE. By R. Goodjmq, 
B.A., M.D. Intended as a Family Quids in all Cases of Accident and 
Emereency. Tbicd Edition, as.l 

'. MANAGEMENT OF HEALTH. A Manual oi Home and 
Personal Hygiene. By;ilie Rev. Jambs Bairo, B.A. is. 

I, LOGIC, Pure and Applied. By S. H. EMitKNS. is. 6d. 

;, SELECTIONS FROM LOCKE'S ESSAYS ON THB- 
HUMAN UNDERSTANDING. With Notes by S. H. Ehmbi 

[. GENERAL HINTS TO EMIGRANTS. Notices of the varioiu 
Fields &jr Emigration. Hints on Outfits ~ ' ~ 

. THE EMIGRANTS GUIDE TO NATAL. By RoBEM 
Jaues Mann, F.R.A.S., F.M.5. Second Edition. Map. :s. 

1. HANDBOOK OF FIELD FORTIFICATION, intended forthe 
Guidance of OffiMrs Preparing for Promotion. By Major W. W. 
Knollys, F.R.G.S. With 163 Woodcuts, js.t. 

.. THE HOUSE MANAGER: Being a Guide (o Housekl 
Ptaelieal Cooieiy, Pickling and Preserving, Hoasehi" ~" ■ 

"Ts^ii:" " -■■ •- _ 

7. GanWnp^perations, lie. By An tiu) Hoi'SEKBEns. ^ 6d.t 
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LEekeepin£, 

™?fcr^^ 
.m'aMng, tlie Boudoir'anif DreEsin^raom,~Trkie)liDS. StaUs 
Economy. Gardening Operations, ««. By An OiD HotsBKEEPEK. ^ 6d.t 
. BOUSE BOOK (The). Comprising r— I. Thk Hoosb Makagsx. 
By an Old Housekbeteh. II. DoHesiic Medicine. By RALPH GooDnni, 
; M.D. HI, MANAGEMBNr OF HEALTH. By James Baibq. In Ooo Vol., 
strongly balf-bonnd, 6s. 
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EDTTCATIOIT AL AND CLASS ICAL SEEIES. 

HISTORY. 

1. England, Outlines of the History of; more especially with 
relMencB 10 Ihc OtiKin and Frogras of Ihe EnEliih Conjlitulion. Bv 
William Douglas Hahilion, F.S.A., ct Her Maieily'i Public Record 
Office. (Ui EdilioB, rovisod. ss.; dolh board!. 6s. 

5. Greece, Outlines of the History of; in connectioii with tho 

Riso of the Art! and Civiliiation ia Europe. By W. DouoiAS Hamilton, 

of UniTBisitv CollBge, London, and Eowakd Xivas, MJi., of Billioi 

College, Oifcrd. 28. 6d. ; cloth boards, 33. 6d. 
7. Home, Outlines of the History of: from the Earliest Period 

lo tbe Christian Era and tfae Commencement of Ititi Dcclins of the Empire. 

B; Edward Levibk, of Balliol College, Oiford. Map,39.6d.i cl.bds.]i.6d. 
9. Chronology of History, Art, Literature, and Progress, 

bom the Creation of Ih? World to tbe Conclusion ef the Franco- Gctmu Wax. 

The Conlinuatiun by W. D. Hamiltoh, F.S.A. js. ; clolb boards, js. 6d; 
r 50. Dates and. Events in English History, for Ihe use of 
*- CandidatesinFubllcaodPiivatDEjiaaiinaHoni. Bj thn Rei. £. Rahh. 11. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 
II. Grammar of the Englisli Tongue, Spoken Hnd Written, 

With an IntTodoclinn to the Stndy of ComparaUvB PbiloloET-' By HjDB 
Clakkb, D.C.L. Fourth Edition. 1,. 6d. 
11'. Plliloiogy : Handbook of the Comparative Philology of English, 
Angln-Saion. Frisian, Flemish or Dutch, Low or PlaK Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, Fiencb, Spanish, and 
I PoitUEuese TonKues. By Hyde CLABitE, D.C.L. is. 

r iz. Dictionary of the English Language, aa Spoken and 

f Written. ContaininB above 100,000 Words. By Hydi Clamch, D.C.L. 

3S.&d.; cloth boards, 4s. 6d.; completenitb the Gbamhah, cloth bd3.,5!.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neelected the Study of Gtanmiar. By Jcsili Brenan. 

i7tb Edition. is.eiL 

4q. Derivative Spelllng-Booh; : Giring the Origin of Every Word 
from the Greek, Latin, Sajon, German, Tautonic, Dutch, French, Sjianiah, 

By LRowBoiwi^ F.is A.S. Irnp?^™EdiliDn. is. 6d. 
SI. The Art of Extempore Speaking ! Hints for the Pnlpit, the 

Senate, and the Bar. By M. BAurAiN, Vicar- General and PnflBssot at tho 
I Sorbonne. Translated from the French. ;lh Edition, carefully cotrected. as.iid. 

L 52. Mining and Quarrying, with the Sciences connected there- 
' with. First Book of, for Scboois. By J. H. CoLLiwa, F.G.S.,I.«etiirer to 

, the Miners' Association of Cornwall anrft>cvon. ts. 

53- Places and Facts In Political and Physical Geography, 

k for Candidates in Eiaminations. By the Rev. Eqgab Rand, BJV. 11. 

54. Analytical Chemistry, Qu^tative and Qaantitadve, a Course 
' of. To which is prefi.ed, a BrierTreatisenpon Modem Chemical Nomcncla- 

tnro and Notation. By Ww. W. PiNKand Georcb E. Wbbsiek. m. 

WHE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

tffitodbytheRev. A. R.Grant, Rector of Hilcham, and Honorary Canon of Ely; 

' lerly H.M, Inspector of SchooLl. 

•■™,"5-r ■■"""■"■ 

.06 Fourth Stahduui . . i i 

. o 10 Fifth „ ...16 

,10 Sixth „ .,.16 

iLR. Parti. Old Testament. 33. 

, Part n. New Testament, to which is added 
■HH BiBLB, for very yonnE Children. By Rev. C. 
is.sd. '.•Ort heTwoPartsin One Volume, as. 

stationers' hall COURT, LUDGATK HILL, E.C. 
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FRENCH. 

24. Frencli Grammar. Wilt Complele and Concise Rules on t 

Genders of French Noun>. ByG. L. Stb*uss, Ph.D. 11, 61 

25. French-English Dictionary. Comprising a large number 



NewTtn 



■, Mini 



26. Engllsii-Frencii Dictionary. By Alfred Elwes. =s, 
15,26, French Dictionary (as above). Complete, in OneVol., 3s. ; | 
i:\alh boards, Is. Sd. •,* 0[ trilh the GiAUHAS, ctolb boardi, 41. 6d. I 

4^ French and English Phrase Book.; containin? Intro- I 

ductOTT Lessons, nitb Tracslatlcns, several Vocabularies of War£i, a C ~ 
lection of Builable Phrases, and Easy Fatniliat Dialogues, is. 6a. 

GERMAN. 

39. German Grammar. Adapted for Englisli Students, from. J 

Hejse's Thooretical and Practical Grammar, bj Dr. G. L. Strauss, ts, 63. 7 

40. German Reader: ASeriesofEilracts.carerullyculled from the ' 

most approved Authors of GermanT; with Nalei, Philological and £■- 
plaialoiy. By G. L. Stbadm, Ph.lS. 11. 

German Triglot Dictionary. By N. E. S. A. HAMn/roN. 

In Three Parts. Part I. Germ an -French -EdRliah. Part II. Englisb-Ger- 
man-Ficdtb. Part III. Frenct-Germao -English, js., or cloth hoards, fw. 
German Triglot Dictionary (as above), togetherwith Gennaii I 
Grammar (No. 39I, in One Volume, cloth boards, 5s, ^ 



4i-4,l- 
41-43 



aS. Italian Triglot Dictionary, wherein the Genders of all the J 
r._i; J I. 1 ii r.,ti-. ,,|,jpj down, ByAiFuBD Elwm. ■ 

By A, Elwes, VoL 2.. I 
cngiisO'tren en- Italian. ?5. oa. I 

. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3.1 

French-Italian -English. M. Sd. ■ 

>, Italian Triglot Dictionary (as above). In One Vol., 7a. 6d,.l 



* SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple aud Praclical Fonn, With i 

a Course of Exercises, By Alebho Euves, 11, fid. I 

35. Spanish-English and English-Spanish Dictionary, j 

IncludiDgalareonumberofrechnicaiTermsnscd in Mining, EnainceriBg,&c., 
with the proper Accents and the Gender of every Noun. Wy AuaiD ElwBI. 



d ibe Gender o{ e 



HEBREW. 

45*. Hebrew Grammar. By Dr. Bresslatt. is. 6d. 

44, Hebrew and Enelish Dictionary, Biblical and Rabbinical :;■ 

containlne the Hebrew and Chaldeo Roots of the Old Testament Posul 

Rabbinical Writings. By Dr, BaEsstAU. 6s. m 

46, English and Hebrew Dictionary. By Dr, BRESSLAr. 3i.fl 

44,46, Hebrew Dictionary (is above), in Two Vols,, complele, 1 ■■ 

'i'. the Grammar, cloih boards, i;s. _____^^_ 

LONDON: CROSBY LOCKWOOD AND CO., 
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LATIN. 
19, La.ttii Grammar. Containing tlie Inflecliom and Elementary 

Principle! ufTninslitioTiiiodConstruciion. Mjlho Ruv. Thomas Goodwin, 
M.A.,HcadMa5icroftlioGreanBichProprie[aijSchDQl. «. 
io. Latin- English Dictionary. By the Rev. Thomas Goodwis, 



Rev. Tho 



•, U.A. 



D,2i. Latin Dictionary (as above). Complete in One Vol., 3s. 6d, 

cloth board?, 4s. 6d. •,• Or wilh the Grahhah, cloth bdardi, 5s. 5d. 

LATIKT CLASSICS. With Explanatory Notes in EogUsll. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

2. CEesaris Commentarii deBello Gallico, Notes, and a Geographical 

Regijter for Ho Use of Schoolj, by H, Yotino. m. 

3. Cornelius Nepos. With Notes. By H. Touno. ts, 

4. Vlrgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

Ilea br W. RusuTON, M.A., and aa Iha Gegrglo by H. Vouno. 19. 6d. 

5. Virgllii Maronis ^neis, ■ With Notes, Crittcal snd Explanatory, 

by H. YouNs. New Edi«on, rosised and improvBd Wilh copiouaAddi- 
tioniil Notu by Rev. T. H. L. Lbary, D.C.L., fomiflrly Scbolac of Bcaienosg 
CollBKB, Oiifotd. 1.. 

-■ Parti. Bo," ■ - '■ 

Part J. Sa 

6. Horace; Odes, Epotle, and Carmen Sra:ulare. Notes by H. 

YOUNO. 11. fid. 

;. Horace; Satires, Epistles, and ArsPoetica. NotcsbyW. Brown. 

RiGQ Stnin, M.A., F.R.G.S. is. M. 
S. Sallustli Crispi Calalina et Bellum JuEurtliinum. Notes, Critical 

and Eiplanatary, by W. M. Dohne, B.A,, THd. Coll., Cam. i>. 6d. 
9. Terentli Andriu et Heautontimorumenos. With Notes, Critical 

and E.planatorj, by the Rev. Jambs Daviss, M,A. .s. fid. 
I. Terentil Adelphi, Hecyra, Phormio. Edited, wiih Notes, Critical 

and £ipla.na.tDry, by the Rev. Jaues Daviis, M.A, u. 

11. Terentil Ennucbas, Comcedia. Notes, by Rev. J. Daviks, M.A. 
is.6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 



13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

,..,.1 ,_.__. i....t.. Analysis, and NotHi, EiplanatDry anj Critical, by Rev. 
.ex. tonnarlj Scholar of HtaseniKe College, Oifoid. 




s, Eiplan 



I 



■4. Ciceronis Cato Major, LxliuE, BmtDs, si 

dtia, de Claril Oiatorihiis raalogl. Witb Ndb 
M.A., F.R.G.S. H. 
16. Llvy J Histoiy of Rome. Notes by H. YouNtJ and W. B. Smith, 



3 Selections, irom CatuUua, Tibullns, PropertjuB, 
ana uvm. noies by W. B. Dohhb, M.A., Trinity Colkge, Cambridge, a. 
30. Latin Prose Selections, from Varro, Columella, Vitmvtns, 
Senica, Qainlill.-in, Flams, VclUras PatetmlDi, Va].^riuI Muimiu Sueto- 
nius, Apulciiu. ftc. NotesbyW. B. DOHHB, M.A. ». 
. Juvenalis Satiras. With Prolegomena and Notes by T. H. S. 

- ■ • ■ on Logic at King's ColleBi.,I.nt.don. ,s. 

', aTATIOKERS' HALL COURT, LUDGATE HILL, E.a 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Claude Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Hbnry R. 
Hamilton. Vol. i. Greek-English, 2s. 6d. ; Vol. 2. English-Greek, 2s. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in EngUsh. 
I. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 
2, 3. Xenophon's Anabasis ; or. The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., 
IS. Part 2. Books iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, xs. 6d. 
5-12. Homer, The "Works of. According to the Text of Baeumlein. 
With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Leary, M.A., D.C.L. 
Thb Iliad : Part i. Books i. to vi., is.6d. Part 3. Books xiii, to xviii., is. 6d. 
Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., is. 6d. 
The Odyssey: Part i. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., is. 6d. 
Part 2. Booksvii.toxii., IS. 6d. Part 4. Books xix. to xxiv., and 

Hymns, 2S. 

13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
thePhaedo. From the Text of C. F. Hermann. Edited with Notes. Critical 
and Explanatory, by the Rev. James Davies, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Leary, M.A., D.C.L. 

Part I. Books i., ii. (The Clio and Euteipe), 2S. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2S. 

Part 3. Books v. -vii. (The Terpsichore, Erato, and Polymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles: OEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by "W. Brownrigg Smith, 
M.A., F.R.G.S. is.6d. 

26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 

30. -ffischylus : Prometheus Vinctus : The Prometheus Bound, From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. James Davies, M.A. is. 

32. -ffischylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davies, M.A. is. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Weise. "With Notes, by C. S. T. Townshend, M.A. is. 6d. 

41. Thucy dides : History of the Peloponnesian War. Notes by H. 

Young. Book i. is. _ ., ^.^ , » 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

duction by Ll. F. W. Jewitt. is. 6d. ^ 

43. Demosthenes. The Oration on the Crown and the Philippics, 
With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar of 
Brasenose College, O xford, is. 6d. 

CROSBY LOCKWOOD AND CO., 7, STATIONERS* HALL COURT, E.C. 



